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General Surgery 


Models and Moulages: 
Their Use in Teaching 

MARK M. MARKS, M.D., F.I.C.S., D.A.B. 
KANSAS CITY, MISSOUKI 


R ecent advances in the development 
of synthetic materials with plastic 
" properties have stimulated interest 
in model makinsr- In the past, models used 
in medical teaching have been constructed 
of wax, papier mache or plaster of paris. 
Those produced in quantities by mass 
production methods were often poorly 
done. The better ones required a high 
degree of artistic skill and much time to 
produce; this made them expensive and 
rare. Some were subject to deterioration 
from aging and changes in temperature. 
Others, because of their fragility, were 
usually relegated to a glass case for ob¬ 
servation and became unavailable for 
close examination. 


Prom the Section of PrOCtolosy, Department of Sartrery, 
Menorah Medical Center, Kansas City. Mlssonri. 

Submitted for publication Oct, 24. 1957. 


For these reasons, models have not been 
adequately employed in basic science 
classes or in medical schools. Good models 
can be particularly helpful in such sub¬ 
jects as embryology and comparative anat¬ 
omy. Microscopic objects enlarged in 
models will show greater detail. Models 
can be of inestimable value in the study of 
anatomy, as exhibits to illustrate special 
operative measures, and in the recording 
of actual surgical observations at opera¬ 
tion or at autopsy. Other subject matter 
for model and moulage making can be 
obtained from a variety of sources, e.g., 
one’s own knowledge or drawings or photo¬ 
graphs in medical texts. 

It is my purpose in this paper to de¬ 
scribe relatively simple methods for mak¬ 
ing models and moulages that are partic¬ 
ularly suitable for medical teaching. They 
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Fig. 1,—Freehand drawing on plyboard. 


4 are made of readily available materials, 
require little skill to make, and can be 
handled without fear of breakage. Their 
accuracj' is good and their cost small. 

Five basic steps are required in making 
these models: (a) drawing, (b) modeling, 
(c) making the mold, (d) pouring the 
positive solution and (e) coloring. The 
form to be fashioned is first drawn with a 
pencil on a piece of thin plywood 4 inches 
(10 cm.) larger than the form itself. 
Enlargements of drawings from other 
sources are made by multiplying the size 
of squares. If the original drawing is lined 
with half-inch squares, the plywood is 
covered Avith 1 inch squares to double the 
dimension or multiples of inch for the 
desired increase. A freehand drawing is 
usuall.A' sufficient, since the penciled lines 
are used only as a guide (Fig. 1). WTien 
the sketch is completed, plastiline or oil 
clay is placed to conform to the dra^Am 
figure and roughly shaped to make a has 


relief (Fig. 2). The use of a sculptuidng 
tool defines detailed formations more 
clearly; care should be taken not to create 
overhanging clay or lipping that could 
interfere AAuth removal of the cast. 

Investment material may be plaster of 
paris, ceramic plaster or commercial mold¬ 
ing plaster such as is used in construction 
Avork. To make liquid plaster for taking 
impressions, a quantity of Avater estimated 
to cover the clay to a depth of ^ inch is 
first put into a mixing bowl. Dry plaster 
is rapidly sprinkled into the Avater until 
the latter Avill absorb no more fluid. Not 
until then should the mixture be stirred by 
hand or Avith a spatula until it is smooth. 
To remove air bubbles that may interfere 
Avith reproduction, the container Avith the 
liquid plaster should be gently bounced. 
When the plaster begins to thicken slightly, 
it is sloAAdy poured over the modeled clay 
until the latter is evenly and completely 
coA^ered. If the piece is larger than a foot 
square, gauze or cheesecloth incorporated 
into the mold at this stage Avill strengthen 
it and preA^'ent breaking. Should Aveak or 
thin spots in the mold become apparent or 
be suspected, more plaster and Avater can 
be mixed and added to make the entire cast 
>2 to inch thick. 

When the cast becomes Avarm, it has 
hardened sufficiently to be safely moved 
for separation from the clay. Depressing 
the edges of the plyAA-^ood board aAA'aj’- from 
the plaster Avill loosen the cast so that it 
can be lifted free from the clay model. 

If separation is difficult and some clay 
adheres to the plaster, it can be removed 
AAuth a Avooden applicator stick. This Avill 
prevent damage to the negatiA^e and inter¬ 
ference AAuth good reproduction. While the 
plaster is still moist, additional carAung 
AAuth a sharp tool may be done if required. 
The plaster negative is dried at room tem- 
pei'ature (Fig. 3). If a quick drying is 
desired, it may be sloAvly AA'armed in an 
oven. 
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The positive solution consists of three 
parts, clay, water and latex. The last- 
mentioned substance is a synthetic, water- 
soluble rubber. The purpose of this mix¬ 
ture is to make a rubber-based slip or thick 
liquid which, when put into a dry plaster 
mold that extracts the water, builds up a 
clay-rubber layer giving the exact impres¬ 
sion of a positive form. The proportions 
of the component parts of the positive solu¬ 
tion are water, 25 per cent; McNamara 
clay, 25 per cent, and anode latex, 50 per 
cent. The clay is water-washed and is 
high in kaolin, and is made up of exceed¬ 
ingly fine particles. The water and clay 
are mixed before being added to the latex. 
In this combination the ingredients form 
a thick, viscous liquid. The solution may 
be obtained in this formula from the Latex 
Corporation of Chicago or may be pur¬ 
chased separately from ceramic or chemi¬ 
cal establishments. If the mixture is 
produced by the model maker, 20 drops of 
sodium silicate added to 1 pint of the latex- 
clay mixture will act as a deflocculent and 
keep it from separating. 

The plaster mold should be bone-dry 
before it is used. To make the positive 
impression it is best to level it and make 
it secure to receive the liquid. Care must 
be exercised to prevent spillage, because 
of the latex-clay mixture’s adherent prop¬ 
erties in the fluid state. The cavity of the 
plaster negative is filled slowly to prevent 
air pocketing and splashing. When full to 
capacity, the cast is left undisturbed for 
thirty to forty minutes or until a clay- 
latex wall Ve inch thick has accumulated. 
The remaining liquid is returned to air¬ 
tight container and stored in a cool place 
for future use. 

Impressions made in this way need 
backing to stiffen them and help maintain 
their shape. To do this the remaining por¬ 
tion of the cavity in the mold is filled with 
crumpled paper, gauze or mechanic’s cot¬ 
ton waste. Some of the positive solution 



can be used as a binding material to anchor 
the backing to the impression itself for 
greater stability. The completed form is 
set aside at room temperature for twenty- 
four to seventy-two hours, depending upon 
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the size. This allows for air-curing of the 
claj’-.latex in the cast. After the model 
has been removed from the mold, it is dried 
again for another twelve hours. There will 
be about 5 per cent shrinkage. The form 
is then ready for coloring. I find that 
pigments in casein and in acrylic polymers 
in latex give the models a more realistic 
coloration. Both may be obtained in an art 
shop. The advantage of these over other 
types of colors is that they are permanent, 
dry rapidly and remain flexible for longer 
usage. The accuracy of coloration is de¬ 
pendent upon the care and diligence of the 
model maker (Fig. 4). 

Moulages are molds or casts taken di¬ 
rectly from a portion of the bod 5 ^ Such 
impressions obviate the need for modeling, 
ace masks or impressions of skin lesions 
re examples of this. When this procedure 



Fig. S,—Plaster cast of clay model. 


is combined with sculpturing in plastiline, 
however, many possibilities become evi¬ 
dent. 

When a body surface impression is 
taken, the cavity, or negative, in the 
plaster can be carefully packed with clay 
to return the original surface. By dissect¬ 
ing the clay and modeling the structures 
beneath, the anatomic character of the 
parts can be demonstrated. As further 
plaster impressions are made of the sculp¬ 
tured parts of the dissection, a series of 
moulage-models can be easily produced to 
show structures at various levels. 

To illustrate such a project, suppose a 
thyroidectomy is to be shown. A plaster 
impression is taken of the neck and upper 
part of the cadaver. When the plaster 
hardens it is removed. Clay is carefully 
pressed into the cavity to pick up skin 
texture and body shape. When the plas¬ 
ter is removed, the clay, simulating the 
original form, is ready for modeling. The 
line of incision is made in the cla}^ as it 
would be in the skin. A plaster impression 
is made of it, along with the surrounding 
area. As the skin flaps are raised and other 
structures normalb' encountered are 
modeled, impressions are taken at each im¬ 
portant step and removed until the series 
is complete. When all of the plaster casts 
are dry, the cavities are fllled with the 
positive solution and the moulages flnished 
as previously described. To simulate nat- 
ui'alness still further, the dissected parts 
are painted with a clear plastic glaze after 
coloration, to heighten the colors and pro¬ 
duce highlights that give the illusion of 
moisture. 

The same procedure can be followed to 
portray and illustrate such things as 
axillary, perineal, neck, and other dissec¬ 
tions; the Glover operation for coronary 
artery disease; displaced intravertebral 
discs; hernias; amputations; plastic or 
orthopedic procedures and, for that mat¬ 
ter, nearly all operations that can be doc- 
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Fig. 4 —Models completed, shounng innervation of left half of colon and female figure 


umented for teaching:, reference or per¬ 
manent record. 

Bones can be accurately reproduced by 
casting them in multiple piece molds and 
using a synthetic resm in a liquid state 
that hardens into a horny material when 
dry (Fig. 6). Other synthetic resins, such 
as styrene chloride, are suitable for smaller 
model and moulage making. This and 
other like substances require maturing at 
375 F. for fifteen minutes in metal molds. 

Another potentiality of model and 
moulage making that should be explored 
is what it can do for the student. It has 
been shown that those who learn the 
process through a specific project of their 
own gain much more from the subject. 
The better specimens made by these 
students can be used to teach following 
classes. Most students, through this ex¬ 


perience, find a new medium for tht 
training. 

I have found these models useful in i 
office practice, for in my experience mo^ 
patients are vitally interested in the nani 
of their ailments and not onl}' are grate 
but become more cooperati\e when t 
physician takes them into his confideiu 
In many instances a careful explanation 
with such an illustration removes much of 
the unnecessary mystery and establi^^ho^ 
greater confidence. Models and mouliex's 
such as I have described have been em¬ 
ployed for this purpose with good efToct. 

On television and in medical motion pic¬ 
tures models and moulnges of this tyi>e 
have been extremely useful, bccntise of 
their realism, in illustrating spec 
tomic problems and orienting su 
cedures. 
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Fi<r. 5.—Sagittal section through anterior rectal 
wall, prostate and bladder. 



Fig. C.—Reproduction of pelvis. 


CONCLUSION 

Because of the magnitude of medical 
teachingr. any means that can accelerate 
the student's learning is worth while. 


JANUARY, 195S 

Previous methods for making useful three- 
dimensional models and moulages have 
seemed formidable to those who could use 
them for instruction. A method of mak¬ 
ing such models and moulages is described 
that affords access to endless possibilities 
as new materials are developed. Their uses 
are explained in detail. 

RESUME 

Etant donne le domaine tres vaste des 
etudes medicales, tous les mojnns suscep- 
tibles de les faciliter et de les accelerer 
doivent etre pris en consideration. Cer- 
taines methodes permettant de fabriquer 
des modeles et moulages a trois dimensions 
ont ete accueillies avec enthousiasme par 
les professeurs. L’auteur decrit une me- 
thode inedite donnant des possibilites in- 
finies graces a des matieres nouvelles. 

CONCLUSAO 

Devido a magnitude e importancia do 
ensino medico qualquer meio de treina- 
mento dos estudantes deve ser considerado 
importante. Os metodos anteriores utili- 
sando modelos e modelagens tridimensio- 
naistem sido formidaveis para os que os 
utilisam como elementos de ensino. 0 A. 
descreve a tecnica de faser esses modelos e 
modelagens, usando recursos para utilisar 
ao maximo as possibilidades dos novos 
materials. Explica o uso pormenorisada- 
mente. 

SCHLUSSFOLGERUNGEN 

Angesichts des Umfanges des jMaterials 
des medizinischen Unterrichts ist jedes 
IMittel, das dem Studenten ein schnelleres 
Lernen ermoglicht, zu begriissen. Friihere 
^lethoden der Herstellung nutzlicher drei- 
dimensionaler Modelle u n d IMoulagen 
scheinen die Lehrer, die solche Hilfsmittel 
gebraucht batten, von ihrer Anwendung 
abgeschreckt zu haben. Es wird ein Ver- 
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fahren zur Anfertigung solcher Modelle 
und Moulagen beschrieben, das infolge der 
EntAvicklung neuer Materialien unabseh- 
bare Moglichkeiten eroffnet. Ihre An wen- 
dung wird im einzelnen dargestellt. 

CONCLUSION! 

La vastita dell’insegmento medico rende 


degno di considerazione ogni mezzo die 
consenta di affrettare la preparazione 
degli student! di medicina. L’impiego, ad 
esempio, di calchi e modelli a tre dime- 
sioni si e dimostrato di incalcolabile utilita. 

L’autore descrive appunto un metodo per 
costruire tali modelli e per usarli con pro- 
fitto. 
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The Ambulatory Injection Repair 
of Inguinal Hernias 

FRANK H. BAEHR, M.D., Ph.B., F.I.C.SA 

SPRINGFIELD, MASSACHUSETTS 


A n ambulatory injection treatment 
for male inguinal hernias that pro¬ 
duces, by piezoelectricit}’’, a nonab¬ 
sorbent gi’anulomatous tissue that acts as 
a permanent internal truss beneath the ex¬ 
ternal oblique aponeurosis of the groin 
will be described. This procedui’e is based 
upon twenty years’ practical experience in 
selected cases. An evaluation of the end 
•esults of all inguinal hernias treated in a 
hree- 3 ’^ear period with an eight- to ten- 
.vear follow-up shows that the technic de¬ 
scribed overcomes the problems encoun¬ 
tered with earlier methods. In order to 
obtain statistical information on which to 
base a conclusion with respect to results, 
214 male patients with 261 inguinal hernias 
treated in the office, with the treatment 
completed during the j^ears 1946, 1947 and 
1948. were followed up from September 
1955 to September 1956. 

Experience has shown that two factors 
are essential to success with the ambula¬ 
tory treatment: (1) a sclerosing solution 
that produces a nonabsorbent tissue in the 
affected area of the groin, and (2) a re¬ 
liable truss to support the patient com¬ 
pletely and without discomfort throughout 
the treatment. 

The means of evaluating results, ex¬ 
periences, observations and the underlying 
causes of failure will be discussed. 

Historii of the Injection Treatment .—As 
far back as 1880, so noted a sui'geon as 
Billroth' stated that radical operation for 
hernias could be done away with if arti- 

•Fom'cr Vxsitinj: Sure^on. State Cancer Hospital, ^Vest■• 
Mas^achitsetts: Consultinj: Surgeon, Health Department 
Hofpitah SrnMT.'teli. 

Sul•r.^:te^3 for pnhlicaticn Ails'. 31, 1^11. 


ficial proliferation of tissues could be pro¬ 
duced. About 1900, Mayer^ of Detroit 
modernized the ambulatory treatment 
originated by Velpeau^* in 1835. During the 
1930’s Bratrud and others'* reported ex¬ 
cellent initial results with the injection 
treatment in large series of cases. Biopsies 
performed by Kelly^ on injected animals 
at ten-day intervals, however, showed that 
early fibroplastic tissue had practically dis¬ 
appeared in one hundred days and had been 
largely absorbed within fifty days. Dobson,"' 
in 1940, confirmed Kelly’s experiments. 
Coley,of the Hospital for the Ruptured 
and Crippled in New Yoi-k City, observed 
81 per cent of relapses after injection 
treatments. At this time the Council of the 
Amei'ican Medical Association, in its 
official Journal,® stated: “After due con¬ 
sideration of a second hospital survey the 
Council reaffirms its previous opinion that 
the Injection Treatment may not be rec¬ 
ognized for general use. Universal em¬ 
ployment of the method is to be deplored.” 
Since that period there has been a dearth 
of scientific articles on this subject. 

In 1949, however, Koontz" stated, “The 
injection method has a place in the treat¬ 
ment of hernia, especially for patients 
coming in the following categories: (a) 
elderly persons unsuitable for operation 
due to the infirmities of old age; (b) per¬ 
sons rejected for industrial employment 
because of enlarged rings, with doubtfully 
demonstrable hernias; (c) patients who 
will not or cannot be operated on for per¬ 
sonal reasons; (d) persons with certain 
types of recurrent hernias with small 
fascial defects.” To this may be added pa- 


8 



VOIi 29, NO 1 


BAEHR INGUINAL HERNIA 


tients who, for any reason, cannot absent 
themselves from their jobs for any length 
of time. 

The Sclerosing Solution .—Several dif¬ 
ferent mixtures of irritating chemicals, 
manufactured by well-known pharmaceuti¬ 
cal concerns, were tried prior to 1944 
These irritating chemicals produced fi¬ 
brous tissue when introduced into the in¬ 
guinal canal, but the areas of injection had 
to be well overbuilt to allow for natural 
resorption of the irritant, which often 
occurred after the procedure had been 
completed. This resorption varied in 
amount in different patients, but seemed 
greatest in men over 50 years of age. Often 
the patients so treated would require extra 
injections after their original series had 
been completed, in order to prevent a le 
cun'ence. No doubt this resorption, with 
consequent opening of the canal, was tlu 
main reason why many surgeons discon¬ 
tinued the ambulant injection treatment 
It became evident that a new sclerosing 
solution was needed to form a permanent 
tissue. 

A search through the medical literature 
disclosed the discovery made by McNally 
and Bergman® during their investigation 
of silicosis in 1935. These two men aban¬ 
doned the theory that the hardness and 
sharpness of silicon particles alone pro¬ 
duced the chronic pathologic conditions 
and strange fibrous tissue associated with 
silicosis of the lungs. They decided that 
silicosis is caused by the action of the blood 
fluorides on the silicon molecule, forming 
soluble tetrafluoride and thus producing 
fibrotic changes. The theory that fibrosis 
of the lungs is caused by the chemical 
action of sodium fluoride in the blood upon 
silicon dioxide was novel. To test it out, 
these investigators made up a near-col¬ 
loidal solution of calcium fluoride contain¬ 
ing finely suspended particles of silicon 
dioxide or quartz and injected it into ani¬ 
mals. These injections produced non¬ 


absorbent fibroplastic tissue similar to that 
observed in cases of silicosis. This dis¬ 
covery prompted McNally and Bergman^ 
to advocate the use of such a solution for 
the injection treatment of inguinal hernias 
The solution was called Alparene No 2 ■■ 
The piezoelectric Theory. —Evans^ ''n 
1948 and Evans and Zeit^® in 1949 deir«^n 
strated that when silicon dioxide (a u 
is deposited in living tissues a fibr < 'o 
effect is produced. The silicon »n( \i i 
(quartz) crystals belong to a i ibs thi‘ 
lacks a central point of symrr(ii\, t 
are therefore piezoelot trie These author 
defined “piezoeleclnt * as that proj ertv "t 


asymmetric crystals that causes then i > 
d(.\elop electrical charges v-hen LOimp 
t d or overextended m partn ulai diie( ^ j 
Cough, strain, rnusttdar acti\it>, mi 
pulsation or any f nv'.iologic me i -m 
that can bring aho a squee tlie 

piezoelectric crista’'- depo‘,iit,< the 

tissues is capable of odu Mgacu nutof 

electricity. Kaplan^^ in 1^^ > a tided me¬ 
chanical pressure fioni restu^iing gar¬ 
ments and trusses Tht e a'lvmnietric 
crystals are observed to be fioiogeiuc w hen 
introduced as a finely divided dust into 
living tissue, uniformly producing pro¬ 
liferative fibrous reactions. Evans and 
Zeiti® postulated that crystalline materials 
are fibroplastic if they are relatively in¬ 
soluble in body fluids, are in the asym¬ 
metric (piezoelectric) crystal group, and 
are electrically non conductive, of a propei 
particle size and in sufficient particle con¬ 
centration. Alparene No. 2 is in this class 

In 1953, Kaplan^^ removed nodular 
masses that had been formed after Al¬ 
parene No. 2 had been injected into the 
groins of 4 patients who had been treated 
by the ambulant method. 

Examination revealed that the reaction 
of tissue to silaceous material appeared to 
be primarily fibroplastic, with little or no 
;„floTnmatorv resconse. Investigations 
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Fir. 1 . —Inguinal pad. In upper drawing line A 
is 4 inches (10 cm.) in actual length; line B is 
2Lj inches (C.2 cm.) long, and line C measures 
3 inches (7.5 cm.). Lower dra^^^ng (view showing 
depth of pad) repeats line A. Pad is 1 inch (2.5 
cm.) thick at lower end (sho\\-n on left) and 54 
inch (].!) cm.) thick at upper end (shown on 
right). 

determine the factors responsible for this 
type of tissue response revealed early that 
the concentration of silica and its particle 
size determined the development of the 
nodular fibrosis characteristic of this 
material. 

On the basis of the work of Evans and 
ZeiO" and Kaplan” one may assume that 
it is the piezoelectric process which causes 
the pronounced fibrogenesis. 

Support During Treatment .—Two 
trusses are required to be worn by the 
patient: (1) a semirigid truss for day 
wear and (2) an elastic one to be worn in 
bed. The semirigid truss keeps an even 
support of the groin, even under pi'essure. 
Tlie framework of the semirigid truss 


encircles two thirds of the body, and elastic 
webbing encircles the other third. An 
ovoid inguinal pad (Fig. 1), thicker at the 
medial end than the lateral, and entirely 
covering the involved groin, is applied just 
lateral to the base of the penis. The cover¬ 
ing of the external ring and the lateral 
part of the pubic bone is most essential, as 
the first four to six injection treatments 
completely close the external ring and ap¬ 
parently fuse this area with the pubic 
bone. A perineal leg strap without any 
tension is added to the framework 
(Fig. 2). 

The truss made entirely of elastic web¬ 
bing, with the same type of ovoid inguinal 
pad, is used for bed wear. (The constimc- 
tion and application of these trusses Avili 
be discussed in a later article.) 

Selection of Patients .—Male patients 
who can be successfully treated are those 
with small to medium sized inguinal 
hernias, either direct or indirect or a com¬ 
bination of both, with good musculature 
that can be comfortably and completely 
held at all times b 5 ’- a properly fitted truss, 
and in whom the e.xtei’nal ring is not 
greater than 3 cm. in diameter.^- 

The exceptions are patients Avho have a 
coexisting chronic cough, are obese, have 
large varicoceles, or have severe constipa¬ 
tion or urinary obstruction caused by a 
hypertrophic prostate. The injection thera¬ 
py has not been successful for Avomen, 
OAving to anatomic diffei’ences. 

The Role of the Patient. —^The patient 
must be conscientious and coopei'ative to 
insure maximum success AA'ith the injec¬ 
tion procedure. He must Avear the semi¬ 
rigid day truss Avhile up and about and the 
elastic night truss Avith the same type of 


Rcc !(?’?'€ 7ft Ho'iiias 
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No of 

Recurrence*? 

Recurrence*? 

Total 



Hot iri** 

within 2 Years 

from 2-10 Years 

Recurrences 


203 

249 


lO.S^e 

24,5rc 




34 cases 

27 cases 

61 cases 
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elongated o\oid pad uhile in bed The 
night truss must be woin foi t«o months 
during the initial part of the treatment 
As a plecallt^onar^ measuie duiing this 
peiiod, the patient must change from his 
da> to his night truss \vhiJe lung on his 
back No tub baths aie allowed until after 
the first four to si\ injection treatments 
At the end of this period (four to si\ 
■weeks) the external iing should be com 
pletelj and tightly closed and the patient 
mas take tub baths without support Prior 
to this time, sponge or shower baths ait 
prescribed and are taken in the morning 
with the night truss on After the bath 
the elastic truss is wrung out and hung up 
to drj in leadiness for weai again that 
evening 

Office Reqiiiiements —The following 
equipment is needed for office treatment 

1 A sterile short beveled 3 inch No 18 
bore needle attached to a 5 cc I uer Lok 
syringe 

2 Gauze pads and alcohol 

3 A Wide mouthed bottle of oil of sesame 
with 3 per cent phenol 

4 A 60 cc rubber-capped vial of AJ 
parene No 2 (Alparene No 2 consists of 
calcium fluoride and silicon dioxide in the 
form of a “near colloidal' suspension con 
taming 2 5 Gm of each per SO cubic centi 
meters of solution ) 

Treatments and Doses Required —The 
reactions to Alparene No 2 vary with the 
individual patient With experience, I 
have learned that the dosage can be kept 
at a level at which minimal soreness and 
swelling are involved 

The average patient may or may not 
have some soreness and swelling after the 
first thiee or four injections If he does, 
it usually IS not sev ere enough to keep him 
from carrying out his daily routine 

The suggested doses are 

Fust tieatment 1 cc of Alparene No 2 
luted nnd mixed well wth 3 cc of oil of 
sesnme with 3 per cent phenol 


Second tieatment 2 cc of Alparene No 2 
with 3 cc of oil of sesame with 3 pei 
cent phenol 

Third tieatment 1 tc of Alpaiene No 2 
Fouith tieatment 2 cc of Alparene No 2 
Fifth to tenth treatments Usuallv 2 cc of 
Alpaiene Ivo 2 gnen once or twice 
weekij if no soreness exists 
Subsequent tieatments 2 cc of Alparene 
No 2 

For %ery musculai patients doses bejond 
the tenth maj consist of 3 cc of Alparene 
No 2 V ery thin p^tJents usualJj require a 
les'ier number of tieatments and smallei 
doses 

To the aveiage well developed male pa 
tient the first four to six injections are 
given at weeklj intervals Each one is 
made just inferior m position to the prc 
ceding one, taking in the width of the in 
guinal canal Some patients who have com 
plained of a “dragged-dow n feeling^' find 
that this disappears after three to foui 
injections As a rule, these four to six in 
jections complete]} close the external ring 
and no protrusions or impulses can be felt 
when the patient coughs or strains Clo 
ing the external and internal rings tight K 
does not permanent!} interfere with th* 
blood supply of the testes The medial 
third of the canal vvill now be quite solid 
and will seem fused to the pubic bone, and 
Hesselbach’s triangle will be reinforced, 
which can prevent thinning out of this 
area m middle life This apparent localiz 
ing of the solution in the medial third of 
the canal is probably due to man^s upright 
position, which forces more of the chemical 
to be deposited near the pubic bone and 
therefore causes hardness in this area first 
Subsequent injections, averaging ten to 
fifteen more, are made in the same pattern, 
but usually only in the lateral two thirds 
of the canal and posterior to the new!} 
formed tissue Invagination of the scro¬ 
tum with the left index finger is done prior 
to these injections onl} to determine the 
location of the closed external ring, which 
aids in determining the direction of the 
needle Palpation of the injected areas of 
injection mav reveal small spots that are 
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Technic for Recvrrent Snrgical Hernias. 
—The majority of surg-icalJy recurrent in- 
^inal hernias become direct hernias. Ob¬ 
servation and experience have shown that 
some so-called recurrent surgical heimias 
are nothing more than concomitant direct 
inguinal hernias that were overlooked dur¬ 
ing the primary operation. These recur¬ 
rent hernias are treated by injecting the 
canal, particularly the lower third or the 
lower half. Surgically recurrent inguinal 
hernias, consisting of small localized fas¬ 
cial holes that are usually due to a suture 
cutting through the tissues or to a localized 
infection, are treated b\' depositing the 
chemical, without pooling, beneath the ex¬ 
ternal oblique fascia into these areas. The 
granulomatous tissue then fills in the de¬ 
fects. Usually fewer treatments are used 
for this tyjie of inguinal hernia. 

Technic for Potential Hernias: The 
potential inguinal hernia, always an in¬ 
dustrial problem, can be permanently re¬ 
lieved and the enlarged rings completely 
closed with a few injections. The patient 
will then be free from impulses and accept¬ 
able for employment. 

Group Studies .—The original diag’iioses 
in the cases of 214 patients aged 15 to 79, 
with 261 inguinal hernias (47 being bilat- 


•al). were as follows: 


Right iiuHrect 

IH 

Lvft ituiiiect 

14 

Right direct indirect 

. 97 

LeH direct indirect 

85 

Left indirect ?croUil 

o 

Left direct indirect ^crotaI 

1 

Right recurrent surgical 

13 

Leh recurrent surgical 

12 

Itiglit recurrent injection 

o 

Ix*ft recurrefit injection 

*) 

Itight recurrent injection done 
Right recurient surgical 

eKewheie 1 

2 previous herniotomies' 
Left recurrent vurgical 

r, 

2 previous h.erniotomie^ 
Left recurrent surgical ar'd 

o 

injc'ctio’' do^ e eUeuhere 

1 

2»U 


It i' rcalired that the diagnO'i.< of in¬ 
direct vvr'U' direct herr.i:; by finger pal¬ 


pation has a large margin of error. The 
true diagnosis often can be proved only by 
operation. 

The causes given by the patients for 
these hernias are as follows: 

Lifting 129 

Unknown 94 

Accident 35 

Coughing . . 3 

261 

We were unable to trace 9 patients with 
12 inguinal hernias. In this gi'oup there 
were 5 right and 1 left direct indirect, 3 
left and 1 right indirect, 1 right and 1 left 
recurrent surgical. 

Thus, the final number to be discussed 
is 205 patients with 249 inguinal hernias 
in whose cases there were 61 recurrences, 
listed as follows: 

51 patients with 54 recurrent inguinal 
hernias 

5 deceased patients with 5 recurrent her¬ 
nias 

2 patients sent questionnaires with 2 re¬ 
current hernias 

There were 22 patients with 26 hernias 
who died of intercurrent diseases. All but 
6 of these patients were over 50 years of 
age. With the aid of their attending phy¬ 
sicians and surgeons and the hospital 
records, I was able to learn the causes of 
death and listed them as follows: 15, 
cardiac disease; 4, carcinoma (2 pulmo¬ 
nary, 1 gastric and 1 rectal) ; 1, .sarcoma 
of the neck; 1, cirrhosis of the liver, and 1, 
cerebral hemorrhage. Of the 26 hernia.s, 
there were no recurrences in 22, but there 
was 1 enlarged ring; there were 3 definite 
recurrences; and there was 1 questionable 
recurrence in a patient who was dead on 
arrival at a local hospital. 

The 22 nonrecurrent inguinal hernia.s in 
the deceased patients are li.sted as follows 
as to the approximate number of years 
they were without recurrence before 
death: 
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3 yeai s 3 

4 years 3 

5 yeais 1 

G yeais 6 

7 years 5 (1 enlaiged ling) 

8 yeais 4 

9 years 1 

Those with recurrences were: 

2 yeais 1 

6 yeais 1 

? years 2 

One hundred and sixty patients with 
192 inguinal hernias were examined by 
other physicians and surgeons before com¬ 
ing to the office to I’eceive the ambulant 
treatment. Of this number, 82 patients 
with 98 hernias were “insurance cases,” 
and their fees for the injection therapy 
were paid for by 19 different insurance 
companies and 5 factories. Also, there 

were 4 employees (with 6 hernias) from 

the City of Springfield, which assumed 
responsibility for the cost of the treat¬ 
ments. All of the 160 patients covered by 
insurance came of their own volition. 

All patients were examined personally 
except 5, to whom questionnaires were 
sent. These 5 patients had 6 hernias (1 
right, 3 left direct indirect and 1 bilateral 
direct indirect). Four had no recurrences 
after ten years; 2 cases had recurrences, 
1 after three years, and 1 patient did not 
know how many years he had had his re¬ 
currence, as he was symptom-free. 

In the age group over 50 there were 86 
patients with 103 inguinal hernias; i.e., 
41.9 per cent of the patients had 40,9 per 
cent of these hernias. In the same age 
group, 20 patients (including those de¬ 
ceased) had 21 recurrent hernias; i.e., 23.2 
per cent of these patients had a recurrent 
rate of 20.3 per cent. 

There were 30 patients with 33 inguinal 
hernias who were seen after they had had 
a x'ccurrence of a surgically repaired her¬ 
nia. Twenty-five of these recurrent sur¬ 
gical hernias (including those of deceased 


ptients) were without recurrences follow¬ 
ing the ambulant injection therapy after 
the following number of years: 


3 yeais 2 

4 yeais J 

6 years 2 

7 years 3 

8 years 5 

0 years 5 

10 years 7 


I was unable to trace 2 of these pa¬ 
tients. 

After the injection therapy, 6 patients 
with recurrent surgical hernias again had 
recurrences after the following number of 
years: 


1 year 1 

3 years 1 

10 years 2 

? years 2 


Seven patients with 9 hernias, 6 oi 
whom were treated at my office and I of 
whom was treated elsewhere prior to 1946 
had recurrent injection hernias. The solu¬ 
tion used was not Alparene No. 2. Aftei 
the series of treatments with Alparene 
No. 2 there was 1 recurrence after seven 
years. Eight hernias were without recur¬ 
rences after the following number of 
years: 

8 yeais 2 

S years 1 

10 years 5 

There was a recurrence in a patient who 
had undergone both operation and injec¬ 
tion therapy, which was given elsewhere, 
and who was treated at my office in 1946. 
He had no recurrence after ten years. 

In this series, 5 patients had had pri¬ 
mary hernias (1 right indirect, 2 right and 
2 left direct indirect) previously treated 
by injection in my office in the years 1937, 
1938, 1942, 1943 and 1944 and were with¬ 
out recurrences. In 1946-48 they returned 
for the ambulant treatment of newly 
developed inguinal hernias in the opposite 
groin. 
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Fi^. o (Cn5e 4).—Low power photomicrograph (X 120), showinp: pronounced chronic prranuloma- 
tou? inflammatory reaction with foreipii body g-iant cells. The tissue is almost totally composed of 
epitheloid cells with lymphocytes scattered in aggregates throughout. 


Few children have been treated during 
the twenty years, and there were none in 
the 194G-194S series. The treatment of 1 
clnld, a boy aged 5 years, was satisfactorily 
completed, but lie was a rare patient, being 
higlily cooiierative. Fewer treatments and 
smaller doses of the solution were used, 
along witli a Xo, 22 liore short beveled 
needle. 

ixoivinrvL sirniKS 

C^SK 1.—Ii'. IPtT, a v:arH.»ld inaai wiio 
did much heavy lifting v/,.- given 21 injection 
tnatna r.t< ‘ t < cc, <*f Alparei’.o No. 2 and LI cc. 
of oil of se-ame with per cen: phenoL for a 
lift d.irvc: ii'.dirtct ir.cuiiaa! hi-rnia of two 
rr dur-tioia Or: Seiv, 2ln 19oO. ho wa< 

ai ih' • rt*nr:octicut ^ 

1I« "pital f r a re. urrt. r'.ct ^ f the rnia. Th.o 
» n.tit'C r ^ m r« ' >1*2 rt: «: **: --nihi nta-'^ v.‘a< 

V. t r»‘ rr* ’ t v ^ hh : . d i mat* ria! 


in the center, which was due to the necrosis of 
the fibroplastic tissue.” Frozen section “.show¬ 
ed merely excessive fibrous or scar tissue reac¬ 
tion.'* Apparently, in this case, an excessive 
and concentrated amount of the asymmetric 
crystals were squeezed by the truss, muscular 
activity and tension producing a large amount 
of granulomatous tissue. The electrical im¬ 
pulses set up by the constant irritation of llie 
concentrated and large amount of asymmetric 
crystals did not subside until a large mass had 
formed. 

In 3 patients, who of their own volition 
had worn their trusses one to five years 
longer than the required time after com¬ 
pleting their series of injections, large non- 
granular, nontender, solid masses devel¬ 
oped in the treated groins. Evan.^ and 
Zoit’* stated, ‘‘Stress of some sort would 
lienee be the functional stimulant where 
fibrosis is excessive.'' 
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Figr. 4 (Case 4).—High powei photomicrograph (X 280) of specimen shown in Figure 3 h-ott* the 
crystalline foieign bodies among the epitheloid cells and often adjacent to the giant cells 


Case 2.—In 1945, a 50-year-oId man was 
examined and a diagnosis of a right direct 
indirect inguinal hernia was made. This was 
verified by the insurance company examiner. 
The patient's hernia was ti'eated by the ambu¬ 
lant method, and he was then reexamined by 
the same insurance doctor, who found no evi¬ 
dence of a right inguinal hernia at that time. 
He stipulated, however, that he would not ap¬ 
prove payment by the insurance company until 
a considerable time had elapsed after this ex¬ 
amination. Four years later, in 1949, he again 
examined the patient and found no recurrence, 
so he approved payment. Three years later the 
patient entered the Springfield Hospital for 
surgical observation. On April 25, 1951, he 
was operated upon by his surgeon for chronic 
lecurrent appendicitis. The operative record 
read’ “Internal inguinal ring was found to 
be obliterated. Peritoneum of hernial sac was 
also obliterated totally.” 

Case 3.—^In 1945, a 46-year-old man stated 
that he had undergone right heiniotomies in 
1942, 1943 and 1944, each with a recurrence. 
He had had the injection treatment for the 


right recurrent surgical hernia given by me in 
1945. Nine years later, on Dec. 12, 1954, he 
was admitted to the Massachusetts Soldiers 
Home in Holyoke to be operated or for an ii- 
regular, hard lumpy mass m the right groin 
and a right recurrent hernia. On December 
13, with the region under spinal anesthesia, 
he was operated upon. The operative record 
read: “A large, irregular mass was removed 
from the right groin. Hesselbach’s triangle 
was firm. No hernia was found.” The patho¬ 
logic diagnosis was foreign bod}’' granuloma. 

Case 4.—On Jan. 3, 1956, a 55-year-old man 
was admitted to the Springfield Hospital for 
lemoval of a right hydiocele of eighteen 
months' duration, possibly due to tiauma. He 
stated that he had undergone a left hern/or- 
raphy in 1936 and had had a right inguinal 
hernia treated by the injection method by me 
in 1946. Physical examination revealed no 
evidence of recurrent hernia in either groin, 
but the patient had a large right hydiocele 
that could be transilJuminated. On Jan. 4, 
1956, with spinal anesthesia, the right h.vdro- 
cele was excised. With the prior knowledge 
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and written consent of the patient, a biopsy 
specimen of the right groin was removed and 
was described as follows: “An incision was 
first made over Poupart's ligament and carried 
down to the aponeurosis of the external ob¬ 
lique. The entire granulomatous reaction was 
situated beneath the aponeurosis with the ex¬ 
ception of the e.xternal ring where some reac¬ 
tion had occurred in the subcutaneous fat 
posterior to Scarpa’s fascia. The e.xternal ring 
was entirely obliterated. The reaction could 
be palpated along the length of the inguinal 
canal to (approximately) the internal ring. 
The aponeurosis was incised along the length 
of the cord in this area, and a full thickness 
strip of aponeurosis down to the spermatic- 
cord from internal to external ring was re¬ 
moved. The reaction was about inch thick 
at the region of the internal ring and about 
inch thick at the external ring. It was 
noted that, for the most part, good planes of 
cleavage could be defined by shai-p dissection 
over the aponeurosis and also over the sper¬ 
matic cord. One could describe the granu¬ 
lomatous reaction as forming a tight glove 
about the spermatic cord. The pathologic- 
diagnosis by Dr. William Kaufmann of this 
specimen, removed ten years after completion 
of the injection treatment, showed “foreign 
body granulomatous reaction containing a 
crystalline material” ( Figs. 3 and 4). 

Case 5 {Rocntpcn Data ).—In 1947, a 53- 
year-old man stated that he had had “lumps” 
in both groins for two years. During the same 
year, in my office, each of his direct indirect 
inguinal hernias was injected eighteen times, 
and the total amount used per groin was 2G cc. 
of Alpareno No. 2 and 6 cc. of oil of sesame 
with 3 per cent phenol. Eight years later, on 
.Tidy 30. 195G, examination of both groins re¬ 
vealed no evidence of recurrences, and a 
nu'der.-ite amount of granulomatous tissue Avas 
jireseiu in each groin. On the same day, 
roentgenologist Dr. .Tohn W. Turner took a 
survey film of the pelvic .-irea, which showed 
"no difference in ossification of the pubic 
hones. There was no density observed in the 
inguinal area-s to identify sites of the silic.'ite 
injections.” 

S(qi(d<'( and Complications .—There have 
been no deaths among the 214 patient.s 
treated by injection in this series and no 
deaths with this procedure since I started 
treating inguinal hernias in this manner. 


Only 1 patient had an allergic reaction 
presumably due to an injection; “hives” 
developed but promptly disappeared after 
the administration of epinephrine. About 
5 per cent of the 214 patients treated had 
a considerable amount of swelling and in¬ 
duration of the spermatic cord, which dis¬ 
appeared entirely within two to three 
weeks, aided by ice packs. Rarely was a 
patient sufficiently incapacitated to cause 
him to lose time from his daily routine. 

There were no cases of local skin sup¬ 
puration, inguinal abscesses or atrophied 
testes. Incidentally, during the first office 
visit, the testes ai'e always examined along 
with the inguinal regions. On initial exam¬ 
inations, my 1946-1948 series revealed that 
about 4 per cent of the patients had 
atrophied testes on the same side as their 
hernias. I\Iost of them stated that they had 
had mumps during childhood. 

In the majority of cases, I have noted 
that post-injection recurrent hernias and 
their external rings were smaller than the 
original hernias. 

E.xamination of this group of 214 pa¬ 
tients revealed that 5 had small right 
hydroceles. Four had had direct indirect 
inguinal hernias and the other had a sur¬ 
gically recurrent hernia and stated that he 
had undei'gone two previous right her¬ 
niotomies. Prior to this series and occa¬ 
sionally since 1948, a hj'drocele did de¬ 
velop, usually following a deep injection. 
Unlike idiopathic and traumatic hydro¬ 
celes, which often require surgical treat¬ 
ment, this post-injection type usually 
clears up permanently after one or two 
aspirations. 

An excessive amount of nontender 
granulomatous tissue was produced in 2.3 
patients Avith 26 inguinal hernia.s, and pro¬ 
nounced bulging AA'as obser\'ed in the in¬ 
jected groins. In most cases it A\-a.s un¬ 
doubtedly due to the fact that some of the 
Alparene No. 2 had been injected into the 
subcutaneous fat anterior to the external 
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oblique aponeurosis befoie the needle was 
withdra\\n A nodular or gzanular feel 
was elicited in most of these groins This 
deposition of the chemical into the sub¬ 
cutaneous fat raiely occurs now, as I 
asceitain the exact position of the needle 
point by the subfascial fulcrum test be 
foie withdrawing it from the inguinal 
canal This has been done routinely for 
the past several years, and I make sure 
that the solution is injected entirely into 
the tieated inguinal canal 

Alparene No 2 has the faculty, when 
injected into subcutaneous fat, of forming 
small or large discreet nodules, which 
rarely become painful If the chemical in 
jected IS highly concentrated or in too 
large an amount, these nodules or gianules, 
at pathologic examination, may present 
centers with necrosis, liquefaction and 
calcification 

COMMENT 

“In communities in which the injection 
method has not been employed and maj not 
even be known,Watson^^ advised, “the 
surgeon who contemplates the use of it, to 
discuss it with othei doctors in his vicinity 
to familiarize them with it, so that if com¬ 
plications in the treatment should develop, 
he would not be charged w ith experimen¬ 
tation ” 

It IS suggested that local surgeons 
acquaint themselves with the granulomas 
that form after the injection therapj 
Some of the patients in this series have 
been advised by other surgeons to have 
emergency operations for “incarcerated 
hernias ” It is not known how many of 
the patients who were treated by injection 
and later by operation may only have had 
a granuloma rather than a recui i ent her¬ 
nia Such granulomas have also been mis¬ 
taken for neoplasms and for tuberculosis 

It is understandable that, if a patient 
previously treated bv injection is operated 
upon, the pathologist reports that a 


hernial sac w as observed The explanation 
of this, of couise, is that the fibroplastic 
lesponse against the injected material does 
not obliterate the sac, but either dimin¬ 
ishes its width or holds it reduced within 
the internal ring Thus, the resulting 
granuloma acts either as a buttiess against 
the internal i mg or as a tight glove about 
the hernial sac, or both If now the gian- 
uloma is removed suigically, it stands to 
leason that a sac may be found and that 
lepair is necessary As a matter of fact 
the sacs that have been examined ha\e 
shown no significant reaction within the 
wall 

Possiblj’’ the application of loentgen 
raj s, diathermy or ultrasonics to the 
human groin into which piezoelectiic 
quartz crystals have been injected mu 
increase ionization in tissue and enhance 
the effect of local fibiosis This pioceduie 
might minimize the amount of mateinl 
injected and still requiie \ery little loeut 
gen dosage 

In 1953, Zimmerman and Anson^' stated 
“The final chapter on the sclerosing thei 
apy of hernias has not yet, of course, been 
written “ 

SUMMARY AND CONCLUSION 

A senes of 205 patients with 249 in¬ 
guinal hernias treated by the ambul int in 
jection method with Alparene No 2 i-^ 
presented 

The indications and prerequisites foi 
successful therapy with this method are 
discussed in detail, and emphasis is laid 
upon the proper selection of cases for this 
type of therapy 

With this treatment theie were 34 re 
cuirencGs oi 13 7 per cent withm two 
jears and 27 recuirences, or 10 8 per cent 
after inter\als ranging from two to ten 
j ears The end results at the end of eight 
to ten >ears showed 61 recurrences, or 24 5 
per cent 
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No evidence of the development of 
malignant chargre on the basis of the am¬ 
bulatory injection treatment has been en¬ 
countered over the ten-year period of ob¬ 
servation. 

The conclusion is reached that there is a 
place for the ambulant injection method of 
treating: inguinal hernia in the male. 


Author’s Note: I ^vi<h to thank the folIoA\’in^ 
doctors for their permission to use cases reported 
in this paper: Case 1, Dr. Lewns A. GifTen; Case 
2 , Dr. Carl M. Binnijr. and Cases 3 and 4, Dr. 
Lester Frank, 

I aLo wsh to acknowledge the invaluable as- 
si^^tance of \’c]nia L. Eosworth, B.X., and Cecelia 
M. Cunclo, B.N., in obtaining- the case data pre- 
-fnted and the coopeialien of Mr. Ronauld L. 
Trembly ^f the Vernon Surgical Shop, Spring- 
fiebi. Massachusetts:, in the development and con- 
.-tructir*:: of the trusses described. 


sr:>T.\nio e coxaxsoEs 

Uma .<erie de 205 pacientes com 249 
hernias inguinai.-; foi tratada em ambula- 
torio com injecoe.< de Alparene iT 2. 

Di.=cute as indicacoes e requisites para o 
."•ucc-sso teraj>eutico e salienta a correta 
selc-cao do.' ca.'O.' para este tipo de trata- 
mentn. Xesta .''erie houve 35 recidivas ou 
13.7'^r dentro de 2 ano.' e 27 recidivas ou 
lO.S' depni,-; de 2 a 10 anns. 

O.' rc.'Uliados finai.' ao dm de S-10 anos 
m.n.'traram G1 recidivas ou sejam 24.5‘7-. 

XTio houve transformacoes malignas na 
.•b^i.rvacao fc-ita durante 10 anos. Chega 
a conciu-^ao de que ha um lugar na tera- 
jH-utic:; da' injc-cOes como metodo ambula- 
tor’o do traNiTr.ento d:;s hernias no.' ho- 


.-l r.VD SrHLr.=.'FOLGEr.rNGEN 


iV.'.w S*.rit.- 2o5 Kranken niit 249 
L'ru.i.-.n v.-i:rde mit a.mbiilanter 
IliF.-yrit. ur.u dv.' Prr.:'ar;.:f.= Alparele Xo. 


Die Indikationen und die Voraussetzun- 
gen fur eine erfolgreiche Behandlung mit 
dieser IMethode Averden im einzelnen er- 
ortert. Auf die sorgfaltige Auswahl der 
Falle fur diese Art der Behandlung ■\vird 
besonderer Wert gelegt. 

Bei dieser Behandlung kam es innerhalb 
von zwei Jahren zu 34 Riickfallen (13,7%) 
und nach zwei bis zehn Jahren zu 27 Buck- 
fallen (10.S%). 

Die Endergebnisse nach acht bis zehn 
Jahren zeigten 61 Riickfalle Oder 24,5%. 

Wahrend der zehnjahrigen Beobach- 
tungszeit stellten sich keine Entwicklun- 
gen bbsartiger "S^eranderungen auf Grund 
der ambulanten Injektionsbehandlung 
heraus. 

Der Verfasser kommt zu dem Schluss, 
dass die ambulante Injektionsmethode in 
der Therapie der Leistenbruebe des Man- 
nes ihren Platz hat. 

RESUME ET CON'CLUSIONS 

L’auteur presente une statistique de 205 
malades atteints de 249 hernies inguinales, 
traites ambulatoirement par des injections 
d’Alparene Xo. 2. 

II decrit les indications et les conditions 
de succes de cette therapeutique, qui e.xi- 
gent une bonne selection des cas. 

II s*est produit 34 recidives (13.7%) au 
bout de deux ans. 17 recidives (10.8%) 
durant une periode de deux a 10 ans, et 
61 recidives (24.5%) apres huit a di.x ans. 

Pendant un temps d’observation de dix 
ans il n'a ete constate aucune modification 
maligne due a cette therapeutique. 
L'auteur en conclut qu’elle a sa place dans 
le traitement de la hernie inguinale chez 
I’homme. 


RIASSUNTO E CONCLUSION! 

Viene presentata una serie di 205 casi 
di ernia inguinale curata con il metodo 
delle iniezioni ambulatorie di Alparene. 
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Vengono descntte in dettagho le indica- 
ziom e 3e carateristiche del metodo, sopia- 
tutto nei confront! della scelta dej malati 

Vi furono 84 lecidive, pan al 13,7^ 
entro i piimi due anm e 27 (10,85o) fra 
il secondo e il decimo anno In compJesso 
\i fuiono 61 recidne (24,5%) al ternnne 
di un periodo di osser\azione di 8-10 anm 
Non VI furono casi di tiasformazione 
maligna 

Nel maschio, pertanto, questo metodo 
puo esseie utilmente impiegato 
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As long as tlie condition of the patient js «!uch that the ph)«icnn can cure }iim the 
phjsican JS obliged to do all that is necessarj to improve and re'Jtore his patient’s 
health If, hoiieier, the physician decides on surgery as tlie be«t metliod of treat 
inent, he is not authorized to proceed unless he has first secured his patients consent 
By operating he cannot a\oi<l injuring the patient’s bodj and ^vdl often cause per 
nianent physical changes If the patient is a minor, or mentally infirm, or insTne, 
the physician’s right to ojierate on the patient depends upon the consent of his legil 
representatn e 

Wlien a patient’s life is endangered by a disease that is progressive unless brought 
under control, to tell the patient the truth might deprive him of the spiritual energv 
necessary for reco\ery Should such a reaction be an established medical experience 
the physician is obliged nol to inform the patient of the nature of the disease 
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Tumors of the Renal Pelvis and Ureter 
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T his paper is based upon a study of 
35 cases of carcinoma of the renal 
pelvis and ureter, 19 patients with 
tumors of the pelvis and 16 patients with 
tumors of the ureter. All of these patients 
were seen during the past twenty years, 
from 1936 through 1956, at Jefferson Hos¬ 
pital. Although we no longer consider 
either carcinoma of the ureter or carci¬ 
noma of the i-enal pelvis a i-arity, they are 
relatively infrequent, and it therefore 
seems u’orth while to record our observa¬ 
tions, particularly as regards the relation 
of the histologic type of the tumor to 
prognosis. It is not the purpose of this 
})aper to attempt an e.xhaustive review of 
the literature or to discuss in detail the 
cau.sation of these tumors, although a brief 
review of the observations up to the time 
of writing, as compared to our own obser¬ 
vations, will be made. 

luridcncL. —Tumors of the renal pelvis 
and ureter are considered uncommon, al¬ 
though the incidence has increased decid¬ 
edly during the past twenty-five years. 
This is undoubtedly due to increased 
xiwareness of these tumors xind improved 
diagnostic methods. In 1955. Whitlock, 
McDonald and Cook stated that 312 cases 
of carcinoma of the ureter had been re- 
jiorted in the literatures since that time a 
number ol cxise.s have been added. Scott, 
in his review of tumors of the renal pelvis 



in Campbell’s Urology, in comparing pel¬ 
vic tumors to parenchymal tumors re- 



Table 1.— 

Age of Paticni 


Agr 

Siivxbcr 

Pch 18 

Urett r 

20-29 

2 

1 

1 

30-39 

4 

1 

” 3 

40-49 

5 

5 

0 

50-59 

7 

3 

4 

60-69 

7 

4 

3 

70-79 

3 

1 

2 

80-90 

1 

1 

0 

Unknown 

6 

3 

3 

Total 

35 

19 

IG 


Table 2. — Site of Growth (Urctcial Tumor) 


Portion of Ureter 


Uppei’ third 

1 

31iddle third 

0 

Lower third 

9 

Lower and middle thirds 

3 

Upper and lower thirds 

1 

All portions 

1 

Unknown (autopsy) 

1 

Total 

16 


Table S.— Site Involved 



Vrrtrral 

/V/f ir 

Rij^ht 

8 

10 

Left 

6 

9 

Unkr.o^\Ti 

2 

4 

~ToTzI 

16 

VJ 
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corded the incidence as 1:14 respectively. 

Age: Both tumors of the pelvis and tu¬ 
mors of the ureter are most common in 
the fifth and sixth decades of life. There 
is a tendency for benign and low-grade 
tumors of the ureter to occur in younger 
persons. Table 1 illustrates the age dis¬ 
tribution in our own series. 

Sex: Both types of tumor are more com¬ 
mon in the male than in the female, with 
a proportion of approximately 3:1. In 
this series there were 15 male and 4 female 
patients with tumors of the renal pelvis, 
12 male and 4 female patients had tumors 
of the ureter. 

Site of Grotvth: Study of the cases pre¬ 
viously reported reveals that most (two- 
thirds or more) of the ureteral tumors 
occur in the lower third of the ureter. A 
significant percentage of both types of tu- 
more are multiple, probably about 25 per 
cent. In this series, 13 of 16 ureteral tu¬ 
mors involved the lower third, 4 of these 


involving both the middle and lower thirds 
(Table 2). 

Tables 11 and 12 illustrate the multi¬ 
plicity of tumors in this series, 7 of 19 
tumors of the renal pelvis and 11 of 16 
ureteral tumors being multiple. 

Some reports have stated that the right 
side is involved somewhat more often than 
the left. This was not, however, the expe¬ 
rience of Whitlock, McDonald and Cook, 
who found, in a review of 33 patients with 
carcinoma of the ureter, that the left side 
was involved 21 times and the right side 
12 times. Table 3 illustrates the side in¬ 
volved in this series, there being no sig¬ 
nificant difference. 

Symptoms .—The majority of patients 
complain of hematuria, this having pre¬ 
viously been found to be present in about 
70 per cent of the cases. A lesser percent¬ 
age (about 60 per cent) in a recent 'O 
ries by Cook, Culp, McDonald and Vt/ 
complained of lumbar or abdominal I'am 
Dysuria and frequency of urination -ire 


Table 4.— 

Presenting Symptom—Carcinoma of Renal Pelvis and Ureter 



Hematuna 

Lumbar Pam Abdominal Pain Frequency 

Dyaana 

Duration 

Ureter 

Pelvta 

Ureter PeKia Ureter Pelvis Ureter Pelvis 

Ureter Pelt is 

Less than 1 week 

3 

4 

1 2 


Less than 1 month 

1 

2 

1 

1 

1-3 months 

2 

5 

3 


3-6 months 

1 

1 

2 1 


6-12 months 

1 

1 

1 

1 J 

1-2 years 



1 


2-3 years 



1 


3-4 years 

4-5 years 

1 




6-7 years 



1 


16 years 

1 




31 years 



1 


Totals 

10 

IS 

7 4 0 S 0 1 

2 1 


Symptoms Unknown: 

Carcinoma of the pelvis—4 
Carcinoma of the ureter—3 
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pii-, I,— A, retro;rr:Mie pyelo^rani ^ho^vin^r fillinjr 
defect in kAxor ard nuddie calyceal systems. L% 
rd'*:ok>ir:c section ^nD'A'inp: poorly di tie re n tinted 
<Oit:r.mou< odl carcinoma of the lenal pelvi-? ( X 
Cv^Ot, :r. a »v'.\ tai*oId ^^hite man '^^ho died fifteen 
c after * phrectemy. of mttasta^is; the pa- 
tit nt ak had a ^rarim^u-' cr.!! carcinoma of the 
1T t'c' a ^. k’t* *' 1 • * ‘ r ^ -y done. 

I: c.^utd T(t i'O d»ttnamed ’A*rt:r.cr t\vo primary 
t\i'tt d. or v.h^trtr one v a^ metastatic. 


occasional complaints. An abdominal mass 
is occasionally noted by the patient. In 
this series, 10 of 16 patients with carci¬ 
noma of the ureter had a history of hema¬ 
turia (62.5 per cent), and 13 of 19 pa¬ 
tients with carcinoma of the pelvis had 
hematuria (67.7 per cent). Of the pa¬ 
tients with ureteral tumors, 7 of 16 (43.75 
per cent) complained of lumbar pain. 
Table 4 presents the clinical symptoms and 
their duration in this series. It is inter¬ 
esting to note that 1 patient had hema¬ 
turia intermittently for four or five years 
and another for sixteen years. It seems 
likely that each of these 2 patients maj’ 
have had a benign, slow-growing, tumor 
that later underwent malignant change. 

Diagnosis. — Cgstoscopic: The cysto- 
scopic data should often lead one to sus¬ 
pect the diagnosis. In some patients with 
carcinoma of the ureter the tumor may be 
seen to protrude from the ureteral ori¬ 
fice. This occuri'ed in 6 of the 16 cases of 
ureteral carcinoma in this series. The 
presence of a vesical tumor, especially one 
situated near the ureteral orifice or on the 
base of the bladder, should make one think 
of the possibility of tumor in the upper 
part of the tract. Edema and congestion, 
occasionally associated with dilatation, 
sometimes involve the affected ureteral 
orifice. The excretion of phenolsulphthalein 
or indigo carmine is often decreased or 
absent on the affected side. The presence 
of these signs in this series is indicated 
in Table 6, 12 of the 16 ureteral tumors 
and 7 of the 19 pelvic tumors having been 
associated with significant cystoscopic 
observations. 

Two patients with primary carcinoma 
of the renal pelvis and secondarj' involve¬ 
ment of the lower part of the ureter also 
had tumor protruding from the ureteral 
orifice. The egress of bloody urine from 
the ureteral orifice on the involved side is 
often ob.^erved, although it was only 
noted 7 time.^; in this serie.'? of 35 cases. 
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Table 5. — Roe>\igen Data 

Carnnoma of 
Ureter 

Carnnoma of 
Uenal Pelria 

Filling defect vnth or 
without deformity 6 

12 

Hydronephrosis and 
hydroureter 3 

Hydronephrosis 2 

2 

Hyd roil re ter 1 

Non-function of kidney on 
intra\'enous urogram S 

2 

Calculi 

2 

Normal roentgen picture 3 

Unknown 3 

5 

Totals 21 

23 



Table 6.- 

-Cystoseopic Data 



Bloody 

Untie 

from 

On fee 

Tumor 

Protrvding 

from rtadder 

Ortfiee Tumor 

Dilated 

Onfee 

Ureter 

4 

6 1 

1 

Pelvis 

3 

2 1 

1 

Totals 

7 

8 2 

2 


Table 7. 

,—Carcinoma of Ureter: Incidence of 
Types and Grades 

Orade 

PapiSarv 

FapiUar}/ 

and 

fnfiltrafi ng 

Infiltrating 

1 

5 

0 

0 

o 

1 

4 

0 

3 

0 

3 

2 

4 

0 

0 

1 

Totals 

6 

7 

3 


Scott, in Ca}?}pheU's Urology, stated that 
tumor of the bladder is present in 20 to 
25 per cent of the patients 'V\dth carcinoma 
of the renal pelvis; similarly, it is pres¬ 
ent in a significant number of patients 
with ureteral carcinoma. In 1 of the cases 
in this series the diagnosis of carcinoma 
of the ureter was not made for two years 
after the patient was treated for carci¬ 
noma of the bladder, despite the initial 



Fig. 2.—Histologic section shoiving squamous cell 
carcinoma of renal pelvis vith infiltration into 
parenchyma. X 67. 

pi’esence of mild hjdroureter on the in 
travenous urogram. This patient died c' 
metastasis three years and eight mont’ 
after a diagnosis of vesical carcinoi 
was made; the ureteral tumor was dr 
nosed as papillary carcinoma. Grade L 
without infiltration, whereas the vesical 
carcinoma was a papillary carcinomn 
Grade HI, with infiltration. 

Catheterization of the involved ureter 
often reveals complete obstruction in the 
tumor area. In some instances the cath¬ 
eter may be passed but its passage is 
followed bj’ bleeding from the ureteral 
orifice around the catheter, or bleeding 
through the catheter, the latter usuali\ 
disappearing when the tumor area is 
passed. 

Roentgen Studies: Excretory’ urog 2 *aph- 
ic studies reveal significant signs in the 
majority of cases. Hydronephrosis and 
hydroureter are common. A filling de¬ 
fect in the involved area, often of the 
**goblet-shaped” variety, is frequently 
seen, or the involved area may appear as 
a point of stricture in the ureter. De¬ 
creased or absent function is common. The 
roentgenographic data on this .scries are 
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Fig. 3.—Histologic section showing papillary cyst- 
denocarcinonia of renal pelvis. X 100. Patient 
,\'as a 35-year-old white woman with a complaint 
of hematuria; retrograde pyelogram demonstrated 
filling defect in renal pelvis. Patient died of 
nietastases thirty-nine months after operation. 

{Courtesy of Dr. David M. Davis.) 

recorded in Table 5. It is significant that 
the roentgen signs are positive in the ma¬ 
jority of cases. 

Etiologic and Pathogenic Background. 
—It is not within the scope of this article 
to deal with an exhaustive review of the 
literature concerning the etiologic factors. 
Much has been said previously of the etio¬ 
logic theories advanced. Maclean and 
Fowler, as well as many others have 
pointed out that proliferative or meta¬ 
plastic changes may take place as a re¬ 
sult of chronic irritative changes in the 
ureter or pelvis. Proliferative changes in¬ 
clude ui-eteritis granulosa, pyelitis granu¬ 
losa. ureteritis polyposft and pyelitis poly- 
posa. If there is a downward proliferation 
of the epithelium, however, solid nests of 
cells may be seen, as originally described 


Table 8.- 

—Carcinoma of Renal Pelvis: Incidence 
4 Types and Grades 

Grade 

Papillary 

Papillary and 
Infiltrating 

^ h 

Mucous Adeno^ 
carcinoma 

Papillary Adeno^^ 
carcinoma 

1 

1 

0 

0 

0 

0 

2 

4 

3 

0 

0 

0 

3 

0 

3 

4 

1 

1 

4 

0 

0 

2 

0 

0 

Totals 

5 

6 

6 

1 

1 

by von 

Brunn 

in 

1893. This 

may 

result 


in ureteritis cystica or pyelitis cystica. 
Fagerstrom made a detailed study of ure¬ 
ters removed from 120 cadavers in order 
to study epithelial aberrancies and to de¬ 
termine the possible etiologic significance 
in cases of tumor of the ureteral mucosa. 
He concluded that the epithelial buds and 
crypts were bizarre expressions of epi¬ 
thelial hyperplasia and was unable to sup¬ 
port the theory of ‘‘cell nest’’ formation 
proposed by von Brunn. Fagerstrom was 
unable to develop any evidence that solid 
epithelial buds are directly associated with 
the origin of solid tumors of the urinary 
epithelium. Maclean and Fowler pointed 
out that both squamous and mucinous 
metaplasia may take place, and presented 
patients illustrating these changes. They 
mentioned, as irritants that may produce 
proliferative or metaplastic changes, (1) 
long-continued bacterial infection, (2) ob¬ 
structive uropathic conditions, (3) cal¬ 
culus, (4) avitaminosis, especially of vita¬ 
min A, (5) hormonal imbalance (6) toxic 
products of metabolism and (7) specific 
carcinogens. They reported the fouit 
case of mucinous adenocarcinoma of the 
renal pelvis. The fifth case of such a tumor 
is presented as a part of this series, as 
are 3 cases of squamous cell carcinoina o 
the renal pelvis. Etiologic factors tha ex 
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plain the multiplicity of ureteral tumors 
are lymphatic permeation, surface im¬ 
plantation and multicentric origin. Most 
observers agree that a multicentric agent 
is responsible for the stimulation of the 
multiple tumors that may appear in the 
urinary tract. There seems to be little 


Table 9 — Opeiatwns Pe)fanned for Uieteral 

Tnino) 


Nephro-ureterectomy with cuff of bladder 


One-stage 

8 

Tw’o-stage 

3 

Nephrostomy (metastatic carcinoma) 

1 

Cystoscopic removal and fulguration 

3 

No operation (inoperable) 

1 

Total 

16 


Table 10. —OpcmfioHs Performed for Tumor of 

Penal Pelvis 


Nephro-ureterectomy with cuff of bladder 


One-stage 

3 

Tw'o-stage 

5 

Nephrectomy and partial ureterectomy 

8 

UnknowTi 

2 

No operation 

1 

Total 

19 


Table 11. —Carcinoma of the Renal Pelvis, 


Multiple Giowths 


Renal pelvis and low^er third of the ureter 

3 

Renal pelvis and bladder 

2 

Renal pelvis and proximal third 

1 

Renal pelvis, proximal and distal thirds 

1 

Total 

7 


Table 12. —Carcinoma of the Ureter; MttUipIe 
Grov^ths 


Lower third and bladder 5 

Lower and middle thirds 3 

Upper and lower thirds 1 

All portions 1 

Unknown 1 

Total 11 



Fig. 4—Gloss specimen shoiving invasue papil 
lary carcinoma of renal pelvis and uppei part of 
ureter; lower part of ureter (not shown) i\a'^ 
also involved. Patient was a 42-jear-old white 
man who underwent nephroureterectomy with ex¬ 
cision of a bladder cuff; he remained well foi five 
and one-half years. Eecently he had a recurrent 
papillary carcinoma of the bladder 


pathologic support for lymphatic permea¬ 
tion. Various investigators have been 
unable, for the most part, to transplant 
tumor cells in the experimental animal, 
which argues against surface implanta¬ 
tion. On the other hand, surface implanta¬ 
tion is supported by the fact that the tu¬ 
mors usually seem to follow the flow of 
urine and to be most common in the area 
of the ureter where temporary stasis is 
present. Bothe, in 1943, studied 6 tumors 
of the ureter and 4 of the renal pelvi.s, 
stated that he obsen’ed similar changes 
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mm. in width and 3 to 18 mm, in thickness. 
The average size of the left and the right 
suprarenal differed little; that of the left 
averaged 50 by 23 by 7 mm. and that of 
the right 50 by 27 by 6 mm. Topographi¬ 
cally considered, the respective glands 
were located behveen the upper pole of 
the kidney and the abdominal portion of 
the aorta. The glands were enclosed in the 
renal fascia but were separated from the 
kidney by a pad of fat, and from the aorta 
not only by fat and connective tissue but 
also by the celiac ganglion. The right su¬ 
prarenal gland was contiguous with the 
inferior vena cava, which crossed its ven¬ 
tral aspect. It Tvas more closel}^ confined 
by neighboring structures and at times ex¬ 
tended over the superior pole of the kid¬ 
ney. Since the left suprarenal was invari¬ 
ably situated at the upper medial aspect 
of the kidney, a position often taken like¬ 
wise by the right suprarenal, the glands 
can just as appropriately be called ad¬ 
renal glands, as they often are. 

The concept gained from many texts on 
anatomy that three unbranched, i.e., stem 
arteries supply each gland is obsolete and 
false. In Table 2 the arteries are classified 
according to the region of the gland they 
supply, viz., the superior, middle and infe¬ 
rior portions. The superior suprarenal ar¬ 
teries supply the superomedial, the middle 
suprarenal, the anteromedial aspect; the 
inferior suprarenal, the posterior and in- 
ferolateral aspect. Sites of origin of the 
superior suprarenals are grouped into 
those that arise from: (1) the inferior 
phrenic before its division into an anterior 
and posterior branch, (2) its posterior 
branch and (3) both sources. 

The superior suprarenal arteries, as 
shown in Table 2, arose almost exclusive!}' 
from the inferior phrenic. In 1 case the 
supply was directly from the aorta. In 4 
cases the superior area of the left supra¬ 
renal gland received some blood directly 
from the aorta in addition to the supply 


coming from the inferior phrenic. 

The middle suprarenal (usually single) 
had varied sites of origin, these being, on 
one side or the other as follows: the infe¬ 
rior phrenic (24 cases), the aorta (18 
cases), the renal artery (4 cases) and the 
celiac axis (3 cases). Often the middle 
suprarenal was replaced, on one side or 
the other, by the superior (9 cases) or the 
inferior (41 cases) suprarenal artery. In 
1 specimen vith a middle suprarenal, the 
specific area was partially supplied by the 
inferior suprarenal. 

The inferior suprarenal arteries are the 
most important, since they supply the 
thickest and largest part of the gland. 
They may be grouped into proximal, mid- 



Fij^. 5 —N 5, 37 years. Sample of bilateral dual 
renal arteries. On the left, both are hilar; on the 
right, one is hilar "with a precava! course, the 
other IS a superior polar that bifurcates before 
entry. In the renal segmentation terms of Gra\e'i 
applied here, branches to the right kidney, pur¬ 
portedly, compri'^e the apical (2), upper, middle, 
posterior and lower segmental branch In the 
left kidney, the upper renal, after gmng off the 
posterior segmental gues nse to the apical, upper 
and middle segmental, while the lower arterj' be¬ 
comes the lower segmental. Sample -^howrs that an 
aortic superior polar may be con‘=iderably more 
than a renal arter>’, for here, it (AP/l) furnishes 
the mam blood supply to the medial and inferior 
surfaces of the suprarenal gland (.1/5/?). In¬ 
ferior phrenics (RIP, LIP) arise Ma a common 
trunk from aorta below superior mc^cntenc and 

suppi" • -—’ O" the left. 

the ii ■■■ ■ ■ ■ 7 oritnn 

from ■ *' ' ' ■ " . ' ’ (MSR) 

and ana‘;tomo<!es wtin liie iiiftiiui jinienic 
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the inferior vena cava as far as the renal veins is stopped, or possibly 
even reversed, while the onward flow beyond them is rapid. 

_ It may also be noted that at high intra-abdominal pressures, in 
spite of the steep fall in the gradient beyond the renal veins, there is 
still a kink at the level of the diaphragm and an even sharper fall 
beyond this point. On the basis of my previous interpretation this 
would suggest that there is no stoppage of hepatic (and portal) flow 
at high intra-abdominal pressure levels. 

Radiographic observatioTis. These experiments were performed 
jointly with Dr C. J. Hodson, Assistant Director of the Radiological 
Department, University College Hospital, who was responsible for 
the radiographic interpretations. 

In 4 rabbits a catheter was inserted into the left femoral vein 
so that its tip almost reached the junction of the iliac veins. A small 
quantity (J-l- c.c.) of a contrast medium—a super-saturated solution 
of “ Diodone ”—^was injected through the catheter and was seen on 
the screen as an opaque blob which entered the blood stream and 
moved with it up the inferior vena cava. The volume of fluid injected 
was so small that it could not have influenced the volume, velocity 
or direction of the stream in which it moved. 

At normal intra-abdominal pressures, the blob of Diodone moved 
quickly and steadily up the inferior vena cava to the heart, where it 
disappeared by mixing and dilution with blood. 

When the intra-abdominal pressure was raised to about 30 cm. 
of water by inflating the peritoneum, the opaque blob was seen to 
move slowly up the abdominal vena cava as far as the renal veins, 
and there to join a more swiftly moving stream of blood. Before 
reaching the renal veins its progress was slower than it had been at 
normal intra-abdominal pressure; bejmnd them, movement was at 
least as rapid. 

When intra-abdominal pressure was raised to 40 cm. of water, 
the opaque medium no longer moved up the inferior vena cava but 
passed down the iliac vein of the opposite (right) side. With the 
intra-abdominal pressure still at 40 cm. of water, the catheter was 
pushed up the iirferior vena cava until its tip lay opposite the left 
(lower) renal vein. From this point Diodone passed rapidly up the 
vena cava to the heart as before and without any delay. The critical 
pressures which caused deviation of the stream from the abdomuial 
vena cava were 40 cm. of water in the first two rabbits and 45 cm. 
of water in the third ; the fourth rabbit died before the exact pressure 
had been determined. But it is probable that the diversion was a 
gradual process. 

By injecting relatively large quantities of Diodone (about 1 c.c.) 
the path beyond the iliac vein could be traced. The stream was seen 
to enter the ascending lumbar vein, which passes upwards on either 
side in front of the transverse processes of the lumbar vertebraj, deeply 
embedded in muscle which protects it to some extent from com- 
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pression when the abdomen is distended. At the level of the 12th 
thoracic vertebra it joins the azygos vein, and so the diverted blood 
enters the superior vena cava. When large quantities of contrast 
medium are injected, some of it enters the inferior vena cava under 
the force of injection. In those circumstances the stream escapes 
from the vena cava into the ascending lumbar veins through lumbar 
veins which communicate transversely between the two main vessels. 
They also connect the ascending lumbar route with the paravertebral 
plexus of veins, and it is probable that some blood ascends in this 
plexus. This collateral circuit was detected in all four rabbits when 
the intra-abdominal pressure was high. Altering the posture of the 
animal had no effect on the path taken. 

It is possible that at very high intra-abdominal pressures, some 
of the renal blood may find its wa^^ into the ascending lumbar veins 
via a lumbar vein which joins the vena cava very close to the point 
of ontiy^ of tho left renal vein. 

The diversion of blood away from the lower end of tho inferior 
vena cava at high intra-abdominal pressures explains why tho vena- 
caval pressure does not rise as high as tho portal pressure. 


Ex 2 ^erimcnts on blood distribtdion 

Conclusions from these experiments relate to blood pressure and 
velocity of flow. To complete the investigations the abdominal 
blood volume was measured before, during and after distension of the 
abdomen. For this purpose Wclckor’s (1858) method was chosen as 
it allows accurate separation of abdominal blood from tho rest. 

X'ifteen nnresthotised lioparinised rabbits wore divided into 3 groups. 
Those in the first group, serving as controls, were not subjected to 
experiment, but after 30 minutes they were lulled by tho intravenous 
injection of a Nembutal and chloroform mixture wliich produced 
almost simultaneous arrest of heart and respiration. In tho second 
group intra-abdominal pressure was raised 20-50 cm. of water for 
30 minutes by inflation of the peritoneum or sometimes of tho colon, 
and tho animals wore killed before pressure was released. Those in 
the third group had the same treatment, but were lulled 2-10 minutes 
after pressure had been released. 

As soon as an animal was dead, the inferior vena cava was 
clamped above the diaphragm and ligated below tho left (lower) 
renal vein. In this way movement of blood into or out of the abdominal 
veins during the subsequent manipulations was prevented. Kve 
cannulas were then inserted as shown in fig. 5. They were already 
connected to rubber tubing, which had been clamped. All clamps 
were removed and warm saline was injected through cannulas 1 and 
2; blood and perfusion fluid was collected from cannulas 3, 4 and 5 
into flasks containing saponin to produce hmmolysis. 

It will be seen from the diagram that saline from cannula 1, being 
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to Howarth and Sherlock (personal communication), is unaffected 
by the abdominal distension of ascites; and (3) the velocity of 
blood-flow in the aorta, which is very unlikely to be increased by a 
rise of pressure in the abdomen. It foUows that the work done by 
the heart is not signifleantly increased by abdominal distension. 

It is probable that the embarrassment to the circulation is an 
indirect one, resulting from interference with respiration by the 
raised pressure in the abdomen. This hypothesis is supported by the 
obvious dyspnoea, the striking impairment of tolerance to abdominal 
distension when fluid is present in the pleura, and the evidence of 
cardiac ischsemia in the electrocardiograms. Further experimental 
evidence in support of this \dew was put forward by Gatch and 
Battersby (19426). 

The venous pressure in abdominal distension 

The blood pressure in a vessel is expressed by a derivation of 
Laplace’s formula (Thompson, 1942);— 

T 

Where P is the fluid pressure in the vessel, T the tension in the wall, 
B the radius of the vessel and p is the external pressure. 

When there is no external pressure on a vessel, the blood pressure 
varies with the tension in the wall, which is due to the action of the 
heart. But if the external pressure rises the blood pressure rises bj^^ 
equal increments. This explains the behaviour of the venous pressure 
in the abdomen. The formula applies only to vessels which are filled, 
but in so far as the venous pressure exceeds the intra-abdominal 
pressure, it is reasonable to assume that the veins are fiUed. 

It foUows that since the rise of pressure inside and outside the 
abdominal veins is equal, there is no tendency for them to coUapse. 

A different situation arises, however, if instead of a general rise of 
intra-abdominal pressure, local pressure is applied to a vessel. In this 
case there will be no rise of pressure in the vein except that due to 
the damming back of blood, and the vessel is more likely to be 
obstructed. It might be expected, therefore, that in pregnancy the 
vena cava would be collapsed by pressure on it from the enlarged 
uterus, and from the weight of the fmtus when the mother is lying 
supine'; blood would presumably be diverted up the ascending lumbar 

vessels. 

The maintenance of the abdominal circulation 

There is evidence that blood flow in the abdomen is not greatly 
reduced by a rise of pressure. 

(1) My experiments suggest that while the volume of blood in the 
hdo^al vessels is not reduced by distension, the velocity of flow 
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prcssion when the abdomen is distended. At the level of the 12th 
thoracic vertebra it joins the azygos vein, and so the diverted blood 
enters the superior vena cava. AVhen large quantities of contrast 
medium are injected, some of it enters the inferior vena cava under 
the force of injection. In these circumstances the stream escapes 
from the vena cava into the ascending lumbar veins through lumbar 
veins wliich coznmunicate transversely between the two main vessels. 
They also connect the ascending lumbar route with the paravertebral 
plexus of veins, and it is probable that some blood ascends in this 
plexus. This collateral circuit was detected in all four rabbits when 
tho intra-abdominal pressure was high. Altering the posture of the 
animal Iiad no offbeb on tho path taken. 

It is possible that at ver^^ high intra-abdominal pressures, some 
of tho renal blood may find its way into tho ascending lumbar veins 
^^a a lumbar vein which joins tho vena cava vor}’ close to tho point 
of entry of tho loft renal vein. 

Tho diversion of blood away from tho lower end of tlio inferior 
vena cava at high intra-abdominal pressures explains wliy the vona- 
caval iircssiire does not rise ns high ns tho portal pressure. 


Exjperiments on blood dislribulion 

Conclusions from these experiments relate to blood pressure and 
velocity of flow. To complete tho investigations the abdominal 
blood volume was measured before, during and after distension of the 
abdomen. For this purpose Wolcker’s (1858) method was chosen as 
it allows accurate separation of abdominal blood from tho rest. 

Fifteen annestliotised lieparinised rabbits were divided into 3 groups. 
Those in tlie first group, serving as controls, were not subjected to 
experiment, but after 30 minutes they wore killed by tho intravenous 
injection of a Nembutal and chloroform mixture whicli produced 
almost simultaneous arrest of heart and respiration. In the second 
group intra-ahdominal pressure was raised 20-50 cm. of water for 
30 minutes by inflation of the poritonoiim or sometimes of tho colon, 
and tho animals wore killed before pressure was released. Those in 
tho tliird group had the same treatment, but wore lolled 2-10 minutes 
after pressure had been released. 

As soon as an animal was dead, the inferior vena cava was 
clamped above tho diapliragm and ligated below the loft (lower) 
renal vein. In this way movement of blood into or out of the abdominal 
veins during the subsequent manipulations was prevented. Five 
cannulas wore then inserted as shown in fig. 5. They were already 
connected to rubber tubing, which had been clamped. AH clamps 
•were removed and warm saline was injected through cannulas 1 and 
2; blood and perfusion fluid was collected from cannulas 3, 4 and 5 
into flasks containing saponin to produce hemolysis. 

It will be seen from the diagram that saHne from cannula 1, being 
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to Howarth and Sherlock (personal communication), is unaflFected 
by the abdominal distension of ascites; and (3) the velocity of 
blood-flow in the aorta, which is very unlikely to be increased by a 
rise of pressure in the abdomen. It follows that the work done by 
the heart is not signiflcantly increased by abdominal distension. 

It is probable that the embarrassment to the circulation is an 
inject one, resulting from interference with respiration by the 
raised pressure in the abdomen. This hj^othesis is supported by the 
obvious dyspnoea, the striking impairment of tolerance to abdominal 
distension when fluid is present in the pleura, and the evidence of 
cardiac ischsemia in the electrocardiograms. Further experimental 
evidence in support of this view was put forward by Gatch and 
Battersby (19426). 


The venous pressure in abdominal distension 

The blood pressure in a vessel is expressed by a derivation of 
Laplace’s formula (Thompson, 1942):— 

T 

p =^-4 


Where P is the fluid pressure in the vessel, T the tension in the wall, 
B the radius of the vessel and p is the external pressure. 

When there is no external pressure on a vessel, the blood pressure 
varies with the tension in the waU, which is due to the action of the 
heart. But if the external pressure rises the blood pressure rises by 
equal increments. This explains the behaviom of the venous pressure 
in the abdomen. The formula apphes only to vessels which are filled, 
but in so far as the venous pressure exceeds the intra-abdominal 
pressure, it is reasonable to assume that the veins are filled. 

It foUows that since the rise of pressure inside and outside the 
abdominal veins is equal, there is no tendency for them to collapse. 
A different situation arises, however, if instead of a general rise of 
intra-abdominal pressure, local pressure is applied to a vessel. In this 
case there will be no rise of pressure in the vein except that due to 
the damming back of blood, and the vessel is more likely to be 
obstructed. It might be expected, therefore, that in pregnancy the 
vena cava would be collapsed by pressure on it from the erfarged 
uterus, and from the weight of the foetus when the mother is lying 
supine ; blood would presumably be diverted up the ascending lumbar 

vessels. 


7 }fUli%tG/lfl(XTlO of tilt abdoYniTKil ciTGuJ^tioTi 
There is evidence that blood flow in the abdomen is not greatly 

'4'lfj^^xpetonte 8^“est that while the volume of blood in the 
abdoiuihal vKsela is not reduced by distension, the velocity of flow 
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discrepancies in tliis group are duo to an experimental error wiiich 
docs not affect the others. This could ho explained by assuming that 
in animals Idllcd while the abdomen is distended a variable quantity 
of blood is driven from tlm abdomen after death by the high intra- 
abdominal pressure, while in the first and last groups there are no 
post-mortem pressure differences between abdomen and thorax and 


Tablu 

Abdoifiinal blood voUvne^ cxpi^csacd as a percentage of the 
total blood volume 


CoHtrol anlnuiU 

Ourita raise*! 
lnlra-aWomi»a1 prc<*s«rc 

AUpi ilwonipie<^«(lon 

51 

57 

43 

Cl 

57 

43 

40 

C2 

4C 

40 

43 

45 

52 ! 

47 

45 

Moon 60-1 por cent. 

61*2 per cent. 

44‘4 per cent- 


no movomont of blood takes place. This seems the most probable 
explanation. The inference is that in the group with raised intra¬ 
abdominal pressure the high results—abdominal blood volume 57 per 
cent, of the total—are the least distorted j and those arc higher than 
any of the results in control animals. 

The table also sho\s^s that the ratio of abdominal to total blood 
volume is smaller after decompression of the abdomen than in control 
animals which had not been subject to raised intra-abdominal prcss\irc, 
by about a tenth (44-4:-50*^ per cent.). This difference is highly 
significant in spite of the small numbers in each group (< = 7*0; 
P = O'OOl). 

It must bo concluded, tlioroforo, that the relative abdominal blood 
volume falls immediately after decompression, and that this fall lasts 
10 minutes or more. There is also a suggestion that while intra¬ 
abdominal pressure is raised the relative abdominal blood volume is 
higher than normal. In other words the splanchnic pool may tend to 
fill as a result of abdominal distension, and it empties to some extent 
after decompression, the opposite of what has been generally expected. 
But the volume changes are small. 

Biscussiok 

Circulatory ewi6arrassme7ii from abdcmiinal distension 

The work done by the heart is based on (1) the arterial blood 
pressure wliich, as shoum in these experiments and those of other 
workers, does not alter appreciably in response to a moderate rise 
of intra-abdominal pressure ; (2) the cardiac output, which, according 
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to Howarth and Sherlock (personal communication), is unaffected 
by the abdominal distension of ascites; and (3) the velocity of 
blood-flow in the aorta, which is very unlikely to be increased by a 
rise of pressure in the abdomen. It follows that the work done by 
the heart is not significantly increased by abdominal distension. 

It is probable that the embarrassment to the circulation is an 
indirect one, resulting from interference with respiration by the 
raised pressure in the abdomen. This hj'pothesis is supported by the 
obvious dyspnoea, the striking impairment of tolerance to abdominal 
distension when fluid is present in the pleura, and the evidence of 
cardiac ischemia in the electrocardiograms. Further experimental 
evidence in support of this view was put forward by Gatch and 
Battersby (19426). 

The venoits pressure in abdominal distension 

The blood pressure in a vessel is expressed by a derivation of 
Laplace’s formula (Thompson, 1942):—• 

Where P is the fluid pressure in the vessel, T the tension in the wall, 
B the radius of the vessel and p is the external pressure. 

When there is no external pressure on a vessel, the blood pressure 
varies with the tension in the waU, which is due to the action of the 
heart. But if the external pressure rises the blood pressure rises by 
equal increments. This explains the behaviour of the venous pressure 
in the abdomen. The formula apphes only to vessels which are filled, 
but in so far as the venous pressure exceeds the intra-abdominal 
pressure, it is reasonable to assume that the veins are filled. 

It follows that since the rise of pressure inside and outside the 
abdominal veins is equal, there is no tendency for them to collapse. 
A different situation arises, however, if instead of a general rise of 
intra-abdominal pressure, local pressure is applied to a vessel. In this 
case there will be no rise of pressure in the vein except that due to 
the damming back of blood, and the vessel is more likely to be 
obstructed. It might be expected, therefore, that in pregnancy the 
vena cava would be collapsed by pressure on it from the enlarged 
uterus, and from the weight of the foetus when the mother is lying 
supine ; blood would presumably be diverted up the ascending lumbar 
vessels. 


The maintenance of the abdominal circulation 

There is evidence that blood flow in the abdomen is not greatly 
reduced by a rise of pressure. 

(1) My experiments suggest that while the volume of blood in the 
abdomihal vessels is not reduced by distension, the velocity of flow 
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in tho voin «5 is at least as great as at normal pressure, except in bo 
far as blood is diverted up the ascending lumbar route. These facts 
%voro established for intra-abdominal pressures up to about 40 cm. 
of water. 

(2) Gatch ei al. (1027) measured blood flou through a loop of 
small intestine in dogs while it Mas being inflated. They concluded 
that blood dou u-as inversely proportional to pressure, but their 
results shoM' that Avhen intra-visceral pressure %vas raised to 30 cm. 
of M’ater, blood flow %vas reduced only from IS to 17 c.c. per minuto, 
and in some of their animals it rose. 

Yet tho arterio-venous pressure dilTeronco is appreciably reduced 
by abdominal distension, since tho liso in venous pressure is not 
balanced by a corresponding rise of arterial pressure. These facts 
can only be reconciled by postulating a reduction in resistance to 
flow, for from Poiseuillo's formula VxPr^ {V := vohimo, P = pressure 
diflbronco and r = radius of vessel). 

Tho main resistance to flou is in tho arterioles. It is evident that 
if an arterial pressure of 100 mm. of mercury in tho normal rabbit is 
required to support a capillary pressure of 10 cm. of water, an arterial 
pressure of 110 mm. of morcurj’ udU bo inadequate to support a 
capillary pressure of say 45 cm. of water, which would bo required 
to maintain flow under abdominal distension, unless there wore a 
reduction of tho arteriolar resistance. 

I conclude that a rise of intra-abdominal pressure is associated 
with arteriolar dilatation in tho abdominal viscera and that main¬ 
tenance of their circulation is dependent on this reaction. 

There is no reason to suppose that capillaries, any more than veins, 
need bo collapsed or dilated as a result of raised intra-abdominal 
pressure, but tho question may bo asked whether any reduction of 
capillary resistance is needed to facilitate blood flow. Evidence is 
accumulating that tho abdominal viscera are supplied Avith relatively 
diiect pathAvays across tho capillary beds, such as those in tho Iddney 
demonstrated by Tniota ei ah (1947), and in tho stomach by Barclay 
and Bentley (1949). Prinzmetal el al. (1948) showed that glass 
spheres much larger than ordinarj^ capillaries could be passed through 
tho circulation of tho Hvor, spleen and lungs of a variety of live 
animals. Whether these pathways are in fact opened in abdominal 
distension is a matter for speculation. But if it bo accepted that 
blood flow is not much reduced by a moderate rise of intra-abdominal 
pressure, tho findings of reduced hepatic function by Bradley (1946) 
and of a 25 per cent, reduction in renal function by Bradley and 
Bradley (1947) when intra-abdominal pressure Avas raised to 20 mm. 
of mercury may be taken as an indication that blood is dh^erted from 
tho capillaries. 

The marked fall in blood pressure which I found in some animals 
wlien intra-abdominal pressure Avas raised after sympathectomy was 
probably due to a failure to maintain the circulation through the 
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in the veins is at least ns great as at normal pressure, except in so 
far as blood is diverted up the ascending lumbar route. Those facts 
wore established for intra-abdominnl pressures up to about 40 cm. 
of water. 

(2) Gatch et aL (1027) measured blood flow through a loop of 
small intestine in dogs while it was being inflated. They concluded 
that blood flow was inversely ju-oportional to pressure, bub their 
results show that when intra-visceral pressure was raised to 30 cm. 
of M'ater, blood flow v'ns reduced only from 18 to 17 c.c. per minute, 
and in some of their animals it rose. 

Yet the arterio-venous pressure diflerenco is appreciabl}^ reduced 
by abdominal distension, since the rise in venous pressure is not 
balanced by a corresponding rise of arterial prossurc. These facts 
can only be reconciled by postulating a reduction in resistance to 
flow, for from Poiseuillo's formula VoePr^ (V = voliimo, P — pressure 
difforonco and r — radius of vessel). 

The main resistance to flow is in the arterioles. It is e\adont that 
if an arterial pressure of 100 mm. of mercury in the normal rabbit is 
required to support a capillar}^ pressure of 10 cm. of water, an arterial 
pressure of 110 mm. of morcuo" ^vill bo inadequate to support a 
capillary pressure of say 45 cm. of water, wliich would be required 
to maintain flow under abdominal distension, unless there were a 
reduction of the arteriolar resistance. 

I conclude that a rise of intra-abdominal pressure is associated 
with arteriolar dilatation in the abdominal viscera and that main¬ 
tenance of their circulation is dependent on this reaction. 

There is no reason to suppose that capillaries, any more than veins, 
need be collapsed or dilated as a result of raised intra-abdominal 
pressure, but the question may bo asked whether any reduction of 
capillary resistance is needed to facilitate blood flow. Evidence is 
accumulating that the abdominal viscera are supplied with relatively 
direct pathway's across the capillary beds, such as those in the kidney 
demonstrated by Truota et al. (1947), and in the stomacli bj'^ Barclay 
and Bentley (1949). Prinzmetal ei al. (1948) showed that glass 
spheres much larger than ordinary capillaries could bo passed tlirough 
the circulation of the liver, spleen and lungs of a variety of live 
animals. Whether these pathways are in fact opened in abdominal 
distension is a matter for speculation. But if it be accepted that 
blood flow is not much reduced by a moderate rise of intra-abdominal 
pressure, the findings of reduced liopatic function by Bradley (194G) 
and of a 25 per cent, reduction in renal function by Bradley and 
Bradley (1947) when intra-abdominal pressure was raised to 20 mm. 
of mercury may be taken as an indication that blood is diverted from 
the capillaries. 

The marked fall in blood pressure which I found in some animals 
when intra-abdominal pressure was raised after sympathectomy was 
probably due to a failure to maintain the circulation through the 
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abdomen because of an inability to adapt the small vessels for flow 
under high pressure. 

A possible explanation for the abdominal blood-volume variations 
is provided hy the hj^Dothesis of arteriolar dilatation and constriction, 
Krogh (1921) noticed that when an arteriole was dilated its capillaries 
took their blood from the axial stream, rich in red cells, and that when 
it was constricted its capillaries became almost drained of cells as 
they skimmed off only the marginal stream, predominantly plasma. 
These changes could account for the blood-volume variations as 
estimated by Welcker’s method. If this were the explanation it would 
follow that there is probably no alteration in the true abdominal blood 
volume as a result of pressure changes. 


Collapse following abdominal decompre-ssmi 

The danger of eoUapse follo^ving paracentesis of the abdomen or 
decompression of the distended bladder is well known, ^mt I have 
failed to find any adequate account of tins complication and 
Wangensteen and Scott (1928) had the same lack of success. Brams 
and Golden (1933-34), however, refer to two cases of temporary 
circulatorj’^ collapse after withdrawal of ascitic fluid from 10 patients 
and in one the patient had collapsed on two occasions.; they imply 
that tliis sequel is not unusual. It seems liliety that while collapse 
after decompression is not uncommon it is rarely irreversible, or 
troublesome enough to warrant publication of reports. 

Both the pairs of workers just mentioned produce evidence that 
faintness and coUapse are associated with a fall of arterial blood 
pressure, though I was unable to produce a fall below the initial level 
in my rabbit experiments by sudden abdominal decompression. If 
my hj’pothesis that abdominal distension is accompanied by arteriolar 
dilatation is accepted, an occasional large fall in blood pressure after 
decompression could be explamed by postulating a failure of the 
compensatory vasoconstriction. 

Although the general intra-abdominal pressure in late pregnancy 
is not known, the pressure fall as a result of labour might be compared 
ndth the decompression of a severelj' distended bladder, both in 
degree and in its position in the abdomen. The gross discrepancy 
between the incidence of irreversible shock following labour and 
after decompression of the bladder suggests that the fail of intra- 
abdominal pressure is not, by itself, an important feature of obstetric 
shock. 

Application of experimental results to man 

The experiments reported above were performed on an^sthetised 
rabbits lying on their backs, and the same conditions apply to most 
of the previous work done in this field. Results so far obtained on 
man, however, are very like those found in rabbits and dogs as regards 
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arterial and venous blood pressure. The anatomy of the abdominal 
veins and of the ascending lumbar system is essentially the same in 
rabbits and in man, and it is loiown that the latter pathway is taken 
%vhcn the inferior vena cava is ligated at operation (Thebaut and 
Ward, 1947). IMan, too, is forced to revert to the horizontal when 
abdominal distension becomes severe, and it is in tliis position that 
decompression is carried out; so that the conclusion which emerges 
from studies on rabbits may avoII bo applicable to man. 

Summary 

The following conclusions are drawn from the acute experiments 
on rabbits described above. 

1. Evidence that circulatory embarrassment from abdominal 
distension is duo to interference with respiration is supported by tho' 
calculation that tho work done by tho heart is not increased. 

2. Tho veins of tho portal and vena-caval systems do not oasity 
collapse in abdominal distension, since tho pressure in them is higher 
than that in tho abdominal cavity. 

3. When tho intra-abdominal pressure exceeds 40 cm. of water, 
the renal and probably tho portal blood flow continues at high velocity 
along normal channels, while tho poUde flow is diverted up tho 
ascending lumbar and azygos veins to the superior vena cava. 

4. TJjo concJjision from abdominal bloofl-voluijjo Jnes^suTQmont 3 
that blood is not expelled from tho abdomen by raised pressure, 
taken in conjunction with evidence of rapid flow, implies that tho 
abdominal circulation is not greatly impaired. 

6. Tho maintenance of this circulation is attributed to arteriolar 
dilatation in tho abdomen in response to abdominal distension, and 
collapse follovdng decompression to failui’o of tho compensatory vaso¬ 
constriction. 

This worl; was carried out while I liavo been in receipt of a Loverhulme 
Research Scholarship of tho Royal College of Physicians. I am also indebted 
to tho Graham Research Fund of tho University of London for a grant to cover 
expenses. 

I wish to thank Professor G. R. Cameron, F.R.S., for his help and interest 
in this work in all its stages. I liavo also to thank Professor K. J. Franklin 
for his criticism and some suggestions, Jlr F. J. Crow and I\Ir J. M. Kenney for 
thoir teclmical assistance, jMt V. K. Asta for tho illustrations and Jlr A. Bligh 
for tho photographs. 
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LOCAL PRODUCTION OF ANTIBODIES 

C. L. Oakley, Irene Batty and G. Harriet Warrack 

Froui the Wellcome Jiesc/trch Laboratone^f J3iologic<tl Divisioyif 
Beckenhamt Kent 

It has already been 8ho’^\ai (Oakloy, Warrack and Batty, 1949) that 
when alum-precipitated diphtheria or tetanus toxoid is injected suh- 
ciitancously into horses, rabbits or guinea-pigs as a secondaiy stimulus, 
antibody is produced in the draining lymph-gland, and may, in rabbits, 
bo produced in the injected skin. In this paper wo provide ovidenco 
that specific antibody may bo produced in the sldn, fat or voluntary 
muscle of rabbits and guinea-pigs after a single secondary Injection 
of alum-precipitated diphtheria or tetanus toxoid into those tissues. 

ExpERUStENTAL METHODS 

Tlio mothoda used were similar to those previously reported by Onldey et aU 
Animals were primarily stimulated with a mixtiu-o of diphtheria and totnnus 
alum>precipitated toxoids (diplithoria A.P.T., CO Lf. per ml.; tetanus A.B.T., 
55 Lf. per ml.); at some time over a month later one or other or both antigens 
were injected into chosen tissues ns secondary stimuli. At convenient times 
thereafter the animals were bled out from the carotid artery, tlio injected and 
eomo uninjected tissues collected, groimd with quartz and a suitable volume 
of 1 per cent, saline—usually 30-20 ml.—and centrifuged. Supernatant and 
serum were tested for antibodies to both antigens. Erom the values so obtained 
the antitoxin ratio, i.c. the ratio between the units of tetanus antitoxin per ml. 
and tlio imits of diplithoria antitoxin per ml, in tissues or their extracts, was 
determined for each tissue and compared with the antitoxin ratio for the serum. 
If in such extracts the antitoxin ratio was higher than the ratio in the Serum 
it was assumed that tetanus antitoxin had been manufactured or stored in the 
tissue extracted ; conversely if the serum antitoxin ratio was higher thon that 
of the tissue extract, diphtheria antitoxin had been made or stored in the tissue 
examined. The decision between manufacture and storage will naturally 
depend on the tissue involved. For reasons that will appear later wo do not 
consider antitoxin ratios significantly different unless one is at least double the 
other. 


Experimental results 

Significance of differences in antiioxin ratios 

Oakley et al. pointed out the considerable effect of errors of testing 
on estimated antitoxin ratios and considered that only largo differences 
were significant. Examination of their figures shows that for tissues 
in which the antitoxin ratios might bo expected to be equal to those 
in the serum, the values obtained are not likely to differ from one 
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Tabm I 

AntiUixin concentrations and antitoxin ratios {tetanus : diphtheria) /or rabbit 47. 
Both hind legs injected with a mixture of equal parts of diphtheria and tetanus 
A.P.T. as a secondary stimulus. To show distribution of antitoxin ratios 
when the anirml was hilled 10 days later 


Antitoxin ratio 
of extract 
Antitoxin ratio 
of senim 


Structure extracted 

Tetanus 
antitoxin 
per mi, extract 

Biphtiieria 
antitoxin 
per ml. extract 

Antitoxin ratio 

Left foot, skin . 

0'17 

0-077 

2*2 

Bight foot, skin 

0*18 

0*115 

1*6 

Left interscapular fat 

0*475 

0*31 

1*5 

Bight interscapular fat 

0*65 

0*43 

1*5 

Omental fat 

0*027 

0-0125 

2*2 

Left popliteal gland . 

0*165 

0*10 

1-7 

Bight popliteal gland 

0*15 

0*077 

2-0 

Liver .... 

0*65 

0*32 

2*0 

Spleen .... 

0*24 

0*15 

1*6 

Left kidney 

0*9 

1 0*5 

1*8 

Bight kidney . 

( 0-85 

0*62 

1*6 

Serum .... 

25-0 

12-5 

' 2-0 



Assuming a log. normal distribution, the limits for the figures in column 5 (P = 0'95) 
are 0-64 to 1*23. 

Table II 

Antitoxin ratios for two rabbits. Numerous organs injected with a mixture of 
diphtheria and tetanus as a secondary stimulus. To show distribution 

of antitoxin ratios when the animals were hilled 9 and 10 days later 


Structure extracted 


Liver . . . . 

Spleen . . . . 

Left kidney 
Kight kidney 
Omental fat . 

Left perirenal fat 
Left broad-ligament fat 
Left interscapular fat 
, Bight interscapialar fat 
: Left thigh muscle 
I Bight thigh muscle . 
Diapiuragm 

Left bone-marrow (tibia) f . 
Bight bone-marrow (tibia) J 


Serum 



rii^Tiniectei f Injected ^rith tetanus A.PX i Injected \ritli diphtheria A.P.T. 

For convenience of comparison, the figures in this and subsequent tables are 
adiusted to give a serum : antitoxin ratio of 1. Assuming a log. normal distribution, 
the limits for the antitoxin ratios of both rabbits combined (P = 0-95) are 0-64 to 
1.67 Antitoxin ratios of 2 or more wiU then be evidence of local production of tetanus 
antitoxin; antitoxin ratios of 0-5 or less uill be evidence of local production of 
diphtheria autitoxin. 
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another by a factor greater than 2 : 1 (P = 0*05). Wo havo confirmed 
this figiiro in two clifforent t^^ics of oxporimont. In the first, rabbits 
aro secondarily stimulated by the injection of niLxtures of equal parts 
of diphtheria and tetanus A.P.T. into both foot pads ; in the second 
and practically more important oxporimont, rabbits aro secondarily 
stimulated by the injection of similar mixtures of both antigens into 
a number of difforont structures. In both instances it seems reasonable 
to boliovo that all tho tissues will be infiuenced in the same proportions 
by tho two antigens and that, whether antibody is produced or not, 
the antitoxin ratios of all structures including tho serum should bo 
the same. Tables I and II show tho antitoxin ratios found in tho 
structures of rabbits killed nine or ton days after experiments of 
both types, and support the view that antitoxin ratios differing by a 
factor greater than 2 : 1 are significantly difforont. 

Typical cccpcrimcnt^ A lienlthy female rabbit (no. 173), \vt. 3*30 kg., was 
primarily Btiraiilnted with 0*4 ml, of n inixtiiro of equal parts of diphtheria 
and tetanus A.P.T. injected subcutaneoualy into tho left flank. Ono month 
later tho rabbit was nnrpsthetised with intravenous Nembutal supplomontod 
with ether and tho abdomen opened. Tho liver was injected with 0*2 ml. 
diphtheria A.P.T.; tho upper polo of the spleen with 0*2 ml. tetanus A.P.T. 
and the lower with 0-2 ml. diphtheria A.P.T. In injecting liver and spleen 
care was taken to varj' tho direction of tho needle several times, so as to reduce 
tho risk of intraporitoncal hccmorrlmge. Tlio abdomen was then closed in 
two layers, 0'2 ml. diphtheria A.P.T. injected intmcutnneously into tho skin 
of the loft flank and 0-2 ml. tetanus A.P.T. similarly into tho right flank, and 
the animal allowed to recover. Ton days later it was bled out and tho injected 
areas and some iminjectcd areas collected, and tho extracts titrated for diphtheria 
and tetanus antitoxins. (The white nodules formed make tho injection areas 
fairly easy to find.) 

Results, Table III skews that tho antitoxin values for the liver 
and spleen of this rabbit differed little from the ratio for tho serum, 
whether tlioy wore injected with tetanus or diphtheria A.P.T., or wdth 
nothing at all ; there was no ovidonco of localised antibodj’’ production 
in these organs. Skin, on tho other hand, if injected vdth diphtheria 
A.P.T., showed evidence of local excess of diphtheria antitoxin ; if 
it wore injected vith tetanus A.P.T., tetanus antitoxin appeared to 
be present in excess. In default of any other source from which this 
excess antitoxin could havo been derived, we conclude that this specific 
antitoxin is produced in tho injected sldn. It is noteworthy that 
antitoxin was produced locally in the sldn after a single secondary 
injection of A.P.T. ; there is no ovidonco that a pro-formed granuloma 
is necessary, as we had previously supposed. Our opinion that 
antitoxin is produced in other injected tissues {vide infra) is based on 
tho same argument. 

Table HI also shows the antitoxin ratios for rabbit 178, wliich had 
been secondarily injected in liver, spleen, skin and perirenal fat. Tho 
figures confirm those for rabbit 173, but show also that specific antibody 
is produced in injected perirenal fat. We had been stimulated to try 
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perirenal fat by the observation of Bjomeboe et al. (1947) that high 
concentrations of antibody can be demonstrated in the perirenal fat 
of rabbits injected with pneumococcal polysaccharides; the finding 

Tabie rti 


Antitoxhx Tutios fov two Tohbits ifijectcd in vavious qtqouxs with diphthoNct ov 
tetanus A.P.T. as a secondary stimulus and killed 10 days later. To show 
evidence of antibody production in skin and perirenal fat 


Structure injected 

A.P.T. injected 

A.P.T, injected 

Tetanus 

Diphtheria 

None 

Tetanus 

Diphtheria 

None 

|■|■|■||||| 


0-51 

1-0 

1'68 




i-7 

2*05 


MO 

0*87 

■m 


17*4 

0*105 


8*42 

0*16 


' Perirenal Fat . 

... 



17*8 

0*21 

■■ 

Serum . 

I'O 

1*0 

Rabbit no. . 

173 

178 


that it can produce antibody led us to try other fat areas. Thus in 
some rabbits we injected diphtheria or tetanus A.P.T. as secondary 
stimulus into gastric omental fat, testicular omentum, broad-ligament 
or interscapular fat. In the gastric omentum one antigen was injected 

Table IV 


Antitoxin ratios for two rabbits injected in various organs with diphtheria or 
tetanus A.P.T. as a secondary stimulus and killed 10 days later. To show 
evidence of antibody production in fat 


Structure injected 

A.P.T. injected 

A.P.T. injected 

Tetanas 

Diphtheria 

None 

Tetanus 

Diplitheria 

None 

Liver . 

Spleen . 

Kidney 

Perirenal fat. 
Testicular omentum 

i*i 

1*0 

11*0 

6*1 

0*87 

0*70 

<0*043 

0*083 

0*96 

1*07 

l’*07 

16*4 

6*7 

0*93 

0*79 

0*071 

0*093 

1*1 

1*0 

Serum . - I 

1*0 

1*0 

Rabbit no. 

i 

193 (J 

199 <? 


near the spleen, the other distant from it; in the other sites the 
naired structure of the fat made it possible to inject one antigen on 
each side. Table gives antitoxin ratios for two rabbits. Perirenal 
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and testicular omental fat show good ondonco of local antibody 
production hvor, spleen and ladnoy shon none In these rabbits 
only one antigen was mjectod into any unpaued organ, to a\oid the 
objection that mixing of the antigens might occur, and that local 
production of antibody might thus bo masked 

Table V gives antitoxm ratios for two female rabbits in which 
perirenal, omental, interscapular and bioad ligament fat were 

Tadi^k V 


Antitoxin ratios for ttco rabbits injected in xanoiis organs with diphtheria or 
tetanus AJP T as a secondary stimulus and 1 tiled 10 days later To show 
evidence of antibody production in fat and voluntary muscle 


structure Injected 

AIT Injected 

IPT Injected 

Tetauu<j 

niplitherla 

Tetanus 

Diphtheria 

Spleen 

1 

0 83 

1 1 

1 1 

Bono mnrrovr 

0 b6 

1 3 

1 0 

1 0 

Perirenal fat 

5 0 

0 042 

25 0 


Omental fat 

I o 

0 12 

2 1 


Broad ligament fat 

I G 

0 17 

8 C 


Interscapnlor fnt 1 

2 0 

<0 2 

14 0 

0 10 

Tlugh muscle , 

0 0 

0 030 

02 0 

0 043 

Serum 

1 0 

1 0 

Babbit no 

33 $ 

185 2 


socondanl}’^ injected with one or other antigen, as well as spleen, 
extensor muscle of thigh and hone-marrow This last was appioachod 
through a burr holo in the inner face of the upper end of the tibia 
While spleen and bone marrow show no evidence of antitoxin produc¬ 
tion, all the fat areas injected produce antitoxin locallj Table VI, 
which gives antitoxin ratios for two male rabbits, shows (a) that bone- 
marrow and Jung (injected intra-tiacheally) fail to show evidence 
of antibody production, (6) that all fat areas injected, as well as thigli 
muscle and perhaps popliteal gland—injected directly after exposure 
through an incision in the pophtoal fossa—produce antibody The 
results for skin m rabbit 12 are particularly interesting as they show 
that both mtracutaneous and subcutaneous secondaiy stimulation 
lead to local production of antibody 

Altogether we have used 42 rabbits m these and similar experiments 
The results have been extremely consistent antitoxin is produced 
locally m secondanly-injected skin, voluntary muscle or fat, m 
mjected liver, spleen, kidney and bone marrow there is no evidence 
of antitoxin production As judged by our methods, local production 
of antitoxm can occur in skm, voluntaiy muscle or fat as early as 

j rATn DACT —vot L:fin q 2 
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three days after a secondary injection. It has unfortunately never 
been possible to obtain suflaciently high titres of tissue antitoxin in 

Table VI 


Antitoxin ratios for two rabbits injected in various organs tvUh diphtheria or 
tetanus A.P.T. as a secondary stimulus and killed 10 days later. To show 
evidence of antibody production in skin, fat and vohmiary muscle 


Structure mjccted 

A.P.T. injected 

A.P.T. injected 

Tetanus 

Piphtlieria 

Tetonus 

Diphtheria 

Bone-marrow . 

1‘0 

P2 

1‘0 

0'88 

Lung .... 

... 

... 

Id 


Skin (intracutaneous) 

1-7 

0‘044 



Skin (subcutaneous) . 

18-0 

0*12 



Perirenal fat 

4-1 

0'061 

... 


Omental fat 

9*4 

0'67 



Testicular omontum . 

4-3 

0*13 


... 

Interscapular fat 

15^0 

0-072 

2-8 

0-58 

Thigh muscle . 

53'0 

0-033 

8*1 

0-31 

Popliteal gland 



1-3 

0-54 

Serum .... 

1*0 

1-0 

Rabbit no. 

12 

50 


primarily-stimulated animals for this problem to be investigated in 
them. 

Local production of antitoxin in guinea-pigs 

We have injected diphtheria or tetanus A.P.T. into various organs 
and tissues of six adult guinea-pigs as a secondary stimulus ; examina¬ 
tion of the antitoxin ratios of organ and tissue extracts ten days 
after injection shows that antitoxin may be produced in sidn, fat and 
voluntary muscle (table VII gives the figures for three of the guinea- 
pigs : the results for the others were very similar). No evidence was 
obtained of antitoxin production in liver, spleen or kidney. 


The history of antitoxin production in the skin 

As secondarily-injected sldn had consistently produced antitoxin 
we thought it worth wliile to follow the history of antitoxin production 
in it especially as it seemed likely that the antitoxin ratios might be 
fairly comparable. We therefore clipped the hak from the back of a 
number of primarily-stimulated rabbits and divided the exposed skin 
into a number of symmetrically disposed equal squares. Each day a 
sauare was selected at random on one side of the rabbit and injected 
intracutaneously with 0-2 ml. diphtheria or tetanus A.P.T., chosen 
by the use of random numbers. The other antigen was injected mto 
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tho corresponding square on the other side, and tho process repeated 
daily till all available squares wore ii'^ed up. The animal was then 

Tabij: 

Antitencin ratios for three guinen^pigs injected in various organs vdth dtphiherin 
or tetanus A,P-T, as a secondary stimulus and kilhd 10 days later. To show 
evidence of antibody production in skin and fat {guineapigs 17G and 750), 
and voluntary muscle {all three guinea-pigs) 


Slnicttirc 

Guidfi-rip ioe 

Gmn"a-pl« 170 

■■■ 

APT 

A P.T lajcctet! 

A P.T. Inj«rtfd 


OlpJitljrrta 

Tctaria‘1 




Liver 


1*0 

IB 



..0 

Spleen 

0-70 



1-2 

0 93 


Kidney 

0-79 

1-2 



0-90 

H8H 

Skin .... 

0-75 

0 57 


0-lC 

1-3 

0*40 

Tliijrh 

2 8 

0 039 


0-12 

C 1 

0 11 

Penrenal fat 



3 0 

0 071 


<0-13 

Broad-ligament fat 

1-4 

0 82 

1-5 

0 0S7 j 

1 


... 

Senun . . . j 

1 

I'O 

LO 

1*0 


bled out and the thickened area in each square excised, extracted and 
tested in tho usual way. By this means wo could obtain antitoxin 
ratios for rabbit skin secondarily^ injected from one to ten or more 
days previously. Fig. 1 shows tho relationship hotweon tho log. 
antitoxin value of .such pieces of skin and the time after injection. In 
those injected with either antigen the antitoxin ratio for tho first 
two days is identical with that in tho serum. Thereafter the antito.xin 
ratio for skin injected %vith eitlicr antigen diverges progressively 
from tho ratio in the scrum, tho points relating log. antitoxin ratio 
to time lying reasonably close to a straiglit line. 

Assuming that tlie heterologous antibody present in tho skin 
samples is derii’cd irom tho serum or from blood loft in tho capillaries 
and that this is fairly constant all over the dorsal skin, ve conclude 
that from the third to the tenth day after injection antitoxin increases 
logarithmically in secondarily-injected skin, and suggest that tho colls 
producing it are increasing in tho same way. 

We therefore repeated tho experiment so that animals wore injected 
(1) on 20 successive or (2) on 20 altemato days. Fig. 2 shows tho 
result of tho first experiment. In tho pieces of sidn injected with 
tetanus antitoxin no rise in antitoxin ratio occurs till the fourtli day : 
apart from one break there is a steady logaritlimic rise till tho twelfth 
day followed by a slow fall; tho whole resembles very closely the 
earty stages of a secondaiy response as measured in circulating 
antitoxin. Fig. 3 plots log. antitoxin ratio against time for 39 days 






























DAYS AFTEd INJECTION 


Fig. 1.—^Log. antitoxin ratios for injected skin areas from rabbit injected daily for 
10 days with diphtheria and tetanus A.P.T., plotted against length of time after 
mjection. Open circles ^ areas injected with tetanus A.P.T.; closed circles = 
areas injected with diphtheria A.P.T, 



DAYS AFTER. IN^'eCTlON 

TTm 2—Los. antitoxin ratios for skin areas injected with tetanus A.P.T. from rabbit 
injected dafly for 20 days with diphtheria and tetanus A.P.T., plotted agamst 
length of time after injection. 
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(oxpt. 2). The Tcsemblanco to tho socondary rcsponso curve in 
circulating antitoxin is remarkably close, both in shape and in relation¬ 
ship to time, and wc suggest that tho form of tho secondary response 
ciir \'0 in serum is only a reflection of tho activity of tho antibody- 



-DAYS AFTER. INJECTION 


Fio. 3,—Log. antitoxin ratios for skin areas injected ^th tetanus A.P.T. from rabbit 
injected on 20 nltomato days with diphtheria and tetanus A.P.T., plotted against 
length of timo after injection, Tho dotted lino indicates tho supposed theoretical 
fab, 

producing centres, affected only bj*^ tho fact that antibod 5 ’^ is destroyed 
at a rate proportional to its concentration. Unfortunately wo could 
not obtain antitoxin ratios for tho pieces of skin injected with diphtheria 
A.P.T. in either of these rabbits, as tho tetanus antitoxin content of 
tho pieces was below tho lowest level at which it was possible to obtain 
a positive reaction on test. 


Failure, of horses to produce antitoxin in shin 

Oakley et al. have shown in a few horses that tho subcutaneous 
injection of a single doso of diphtheria or tetanus A.P.T. as a secondarj^ 
stimulus seldom leads to local antibody production, though tw'o 
injections in tho same area may stimulate local production. We have 
continued these experiments in a further ton horses ^rith much the 
same result, as sho^m in table VIII. Unless there is some fundamental 
defect in our experiments, it seems clear that horses differ markedly 
from rabbits in their incapacity to produce antibody locally in the 
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skin. The results for two horses injected with toxoids in the skin are 
set out for comparison. 

Table 

Antitoxin ratios in injected skin of horses injected with diphtheria antigen (right 
hind leg) and tetamis antigen (left hind leg) as secondary stimuli. No evidence 
of antitoxin production in skin 10 days later 



Two other horses, one injected with diphtheria and Cl. welchii a-A.P.T. and another 
injected with Cl. welchii ^-A.P.T. as secondary stimuli, which also failed to show any 
sign of antitoxin production in the skin, are for convenience omitted. 


Discnssioisr 

Until recently, it was the general opinion, though there was little 
evidence to support it, that antibodies were produced generally in 
the reticulo-endothelial tissue, and particularly in structures rich in 
this tissue, such as the spleen, liver and bone-marrow. Ehrich and his 
school (Ehrich and Harris, 1942 ; Harris ei al, 1945) first drew attention 
to the lymphocyte as a possible source of antibody, though more 
recent work (Ehrich et al, 1949) has caused them to support Bjomeboe 
and Gormsen (1943), Bjerneboe et al (1947) and Eagraeus (1946, 
1947, 1948) in making out a case for the plasma cell. However, as 
Eagraeus believes that plasma cells are derived from reticular cells, 
this may be regarded as support for the reticulo-endothelial theory. 
The results of our experiments have caused us no little surprise, 
since, though we could consistently obtain evidence for antibody 
production in the sldn, fat and voluntary muscle in rabbits, we could 
get no such evidence for the liver, spleen, kidney or bone-marrow. t 
might be argued that the hver, spleen and bone-marrow are highly vas- 
cidar and that antibody formed there might be removed as fast as it ws 
produced. But surely this applies to muscle as well ? A more forceful 
argument is that alum-precipitated toxoids can hardly be injected 
into liver, spleen or bone marrow without disrupting them, whereas 
injections into skin, fat and voluntary muscle might split up these 
tiiues without severely affecting their functions. We do not, ot 
course necessarily believe that antitoxins are formed by skm ceils, 
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fat cells or muscle colls ; they may bo prodticod bj' connoctivo tissue 
colls, or tho cells of tho granuloma that develops rapidl}' round tho 
injoctod A.r.T. In tho hopo of nttacldng this problem 'vvo have 
collected a largo amount of material from injected areas for histological 
oxatnination. 

Tho idea that antibody might bo produced in injected sidn is 
not new. It was put forward by Cannon and Sullivan (1D31-32) 
for rabbits injected witli lulled bacteria and, with much more 
con\dncing experiments, by Orskov and Andoi-scn (1938), who claimed 
that tho rapid fall in tho amount of virus recovorablo from tho skin 
of rabbits infoctod with vaccinia was duo to local production of 
antibody; they showed that virus-noiitraUsing antibody conld bo 
rocovored from tho skin four da^'s after infection. TJio literature 
on local production of antibod 3 ’^ in skin and some other tissues is 
tlioroughly reviewed by Burnet and Fenner (1949). As far as we 
know, no evidence has previously boon ofTcred for the production of 
antibody in fat or voluntary muscle. 

On the other linnd, tho position of tho liver ns tho main source of 
plasma protein and thoroforo by impUcation of at least somo antitoxic 
jirotoin, has recently been challenged by Cheng (1949), who found 
that sov^ero damage to the liver, produced in a variety of ways, made 
little diiTcronco to tho rate at which plasma protein was synthesised 
in rats. Ho suggests, among other possibilities, that colls in general 
may be capable of s^mthosising plasma protein, and points out tho 
remarkable protein-synthesising power of connoctivo tissue coUs and 
—oven more strildng—of such specialised structures as muscle colls. 
It scorns possible that experiments on such relatively accessible 
structures as skin and muscle might throw some light on this 
problem. 

Tlie alteration in antitoxin ratios with time in tho sJein of rabbits 
raises somo interesting questions, for if tho basic assumptions are 
accepted, tho natural interpretation of our results is that after tho 
first two or three days following injection, antitoxin-producing colls 
increase Jogaritlmucall^’^ for about ten days, remain steady in number 
or effectiveness for a short time and then slowly fall. There are 
clearly two possibiLitios. (1) Numbers of colls only may be involved, 
in which case wo must conclude that after the response has readied 
its peak at tho tenth to tho twelfth day after secondary stimulation, 
tho division of antitoxin-producing cells goes on at a slower rate, 
though all tho colls produced are about equally efficient. (2) Alter¬ 
natively we might suppose that as antibody-producing colls divide, 
the reproduction of antibody-producing centres ” in the cell becomes 
less and less accurate, so that after a time tho amount of protein 
possessing demonstrable antibody activity becomes less and less, 
although now “ centres ’’ are constantly being set up in other cells. 
It is difficult to see how experiment can settle this point. 
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SUMMABY 

After a single secondary injection of diphtheria and tetanus alum- 
precipitated toxoid into the skin, fat or voluntary muscle of rabbits 
or guinea-pigs, specific antitoxin may be produced in the injected 
tissues. No evidence of antibody production can be obtained in the 
liver, spleen, kidney or bone-marrow similarly injected. 

Examination of the ehange with time in the antitoxin ratios in 
the sldn of rabbits injected with tetanus and diphtheria A.P.T, suggests 
that the changes in the circulating antibody after a secondary stimulus 
are in part a refiection of activity in the antibody-producing areas. 

No evidence has been obtained that a single subcutaneous secondary 
injection of diphtheria or tetanus A.P.T. will eUcit local production 
of antitoxin in the horse. 

Our very grateful thanks are due to ]\Ir A. T. Glenny, F.R.S., for much 
helpful criticism, to ]\Ir A, Thomson for carrying out the experiments on horses, 
and to the staff of the immunology department and the stables for invaluable 
technical assistance. 
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THE AGRA TEST AS A JIEANS OF ESTBIATING 
HYAI.URONIDASE, DEOXYRIBONUCLEASE AND 
THEIR ANTIBODIES 

C. L, Oakley nnd G. HAnRiKT Waiikack 

^Ye2lcomc Rcscarcli Ixiboratorics, Biological Divisionf Beckenham^ Kent 

Bithnet (lO-iS) devised tlio ACRA test (acid-congo red-alcohol) for 
the demonstration of hyaluronidase in culture filtrates of CL wclcliii 
and Staphylococcus aureus. TJio tost depends on the fact that mixtures 
of human synovial fluid and aqueous Congo rod 'vvill, under suitable 
conditions, form a compact blue lenticular blob ” when a drop of 
the mixture is allowed to fall into acid alcohol (1 per cent, concentrated 
HCl in 70 per cent, alcohol). Progressive reduction of the amount 
of hyaluronic acid in the mixture, either by dilution or bj^ onzj’matic 
digestion with hyaluronidase, loads to jirogressivo changes in the 
blob formed in the test; it becomes less cohesive, with less distinct 
edges ; then it becomes annular, and at sufficient dilution the drop of 
g^Tiovial fluid and congo red spreads freol 3 ' into the acid alcohol. 
Specific antihj'aluronidasos M’ill inhibit the digestion of sjmovial fluid 
by hyaluronidaso and may bo calibrated for this property. Burnet 
has also applied the method to the detection of inucinases and anti- 
mucinases. 

Wo have found that with suitable modifications the test can bo 
used to estimate lij^aluronidaso and doox^TibonucIcaso and to calibrate 
sera for antihyaluronidasc and a ntideox^Ti bo nuclease with considerable 
accurac3\ 

EXPERniENTAL OBSERVATIONS 
Pactora ajjccting the test for hyaluronidase 

The substrate. For most of our work we have used liorso sj'novial fluid ; 
tliero is good reason to suppose that other synovial fluids would work equally 
well. Different samples of horse 8>*novinl fluid, liowever, differed markedly 
in their properties ; some produced n good blob in the ACRA test at n dilution 
of 1 in 500, others spread freely, even tmdilutod. It was therefore always 
necessary to test the synovial fluid on every occasion before use ; in all tests 
about eight indicating doses of substrate were used. It can readily be shown 
(table I) that the standard indicating dose and test dose of filtrates depend 
on the number of indicating doses of substrate present (c/. Burnet). The keeping 
properties of horse synovial fluid also varied greatly; some samples would 
keep for weeks in the cold box, then suddenly, though apparently uninfected, 
become useless; others would spread undiluted after only a few days’ cold 
storage. 

J. PATn, BACT.—VOL IXUl 45 
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Eorse synovial fluid precipitated with saturated alcoholic potassium acetate 
has proved satisfactory, a good blob being produced at a concentration of 
0-05 per cent, of the dried precipitate. Hyaluronic acid prepared from the 
umbflical cord by Hadidian and Pirie’s method (1948) and hyaluronic acid 
obtained from commercial houses proved useless for this test. 

Tabus I / 

Relation between synovial fluid concentration in AGRA tests and the 
standard indicating dose and test dose of a Cl. welchii filtrate 


SjTiovial fluid used 

Standard indicating 
dose of filtrate 

Test dose of filtrate 

O'O ml. 1/2 

0-004 ml. 

0*51 ml. 

* ” 

0-002 ml. 

0*51 ml. 

* „ 1/8 

0-002 ml. 

0*46 ml. 

„ 1/16 

0-001 ml. 

0*38 ml. 


* Amount used in tests. 

The synovial fluid contained 128 indicating doses per ml. 


The diluting fluid. The most satisfactory diluent was borate-buffer-saline 
(B.B.S.), which we have tised throughout; 1 per cent, saline was almost 
as good ; Mj20 phosphate-buffer-saline pH 7 was unsatisfactory; the blobs 
dispersed readily and the results were not so reproducible as with other dOuents, 
The concentration of Congo red. The final concentration of Congo red in the 
tests has a decisive effect on the results. In general, the lower the concentration 
of substrate, the higher the concentration of Congo red necessary to form a 
blob-producing mixture ; for any constant concentration of substrate, increasing 
concentrations of congo red produce a steady increase in the coherence of the 
blob formed. Table II shows the result obtained when a constant amount and 

Tabue II 


Effect of Congo-red concentration on the pattern obtained in the AGE A test 
(2^0 ml. diluted synovial fluid plus 0*4 ml. congo-red dilution) 


SjTio^ial fluid 
used 

Concentration of congo red used 

0-00 

0-13 

0’25 

0*5 

1*0 

2-0 percent. 

1 

Spread 

annulus 

blob 

blob 

blob 

blob 

2 

>> 

spread 

•> 


ff 

1 


3 

i 

1 

1 


1 

f* 


concentration of substrate is treated with constant volumes of varying con¬ 
centrations of Congo red. The effect of congo red is not due to the increasmg 
concentration of congo red altering the viscosity of the mixtures, for the viscosity 
of all the mixttires in table II (relative to water) was practically constant, 
though the concentration of congo red varied from 0*06 to 2 per cent. 

The diameter and height of the capillary nozzle. The greater the diameter 
of the capxUary, the larger the drop formed by it and the greater the kinetk 
energy with which it strikes the acid alcohol. A similar effect is produced if 
the hei^t of the capillary nozzle above the acid alcohol is increased. If either 
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tho diameter of tlio capillary or the height from which tho drop falls is too 
great, a drop which should form a blob nmy bo flattened out into nn apparent 
epread on tho bottom of tho potri dish by tho forco of impact. Wo Imvo usually 
used n pasteur pipotto of 1 mm. intemul diamotor and droppetl tho liquid from 
I cm, above tho acid alcohol. 

The depth of the acxd’akohol layer, Kinlucing tho depth of tho acid-alcohol 
layer has much tho sarao elTect ns allowing tho drops to fall from too groat a 
height. To avoid variations in tho depth of tho acid alcohol, tlio potri dish is 
lovollod rip before use, with a piece of white filter paper underneath it to show 
up tho blobs, and filled to a monsureil depth of at Jenst 4-5 mm. 

Tests for hyaliironidasc arid antihyaluronidasc 

Prclwiinary test for substrate. Prepare doubling dilutions of horso sj'novial 
fluid in B.B.S. in 0-5 ml. volumes in Lambeth tubes, add l-R ml. B.B.S. to 
cacli, mix by inversion over non-absorbent paper and incubate in a water-bath 
nt 37° C. for one liour. Remove tho tests from the hath and cool thorn rapidly 
in ice-cold water ; add to oacli tube 0-4 ml. of 0*5 per cent, congo rod, mix by 
inversion, allow to stand for five minutes and then test as below. 

Level a petri dish of convenient rwo and fill with acid alcohol to n measured 
depth of at least 4-5 mm. Remove & suitable quantity of fluid from each tube 
with n past our pipotto (internal diameter 1 inm.) and allow a drop to fall from 
a height of 1 cm. into tho acid alcohol. Tho rcsuU'i aro road directly from tho 
appearance of the patterns formed. For our purpose tho lube containing the 
smallest amount of substrate giving a good cohesiVQ blob is taken as tlio end¬ 
point, and is said to contain one indicating dose of substrate. For testing 
hyaluronidases and antisera eight indicating doses of substtato are used. 

Test for Cl. welchii hyahironxdase. Prepare doubling dilutions in B.B.S. 
in 1*0 ml. volumes of fluid to bo testofl for hyaUironidnso, add to each 0‘5 ml. 
B.B.S. and 0*5 ml. horse sjaiovial fluid diluted in B.B.S. to contain 8 indicating 
doses. Then proceed exactly as in tests for substrate. Tubes containing high 
concentrations of hynluronidnso produce a complete spread in tho test; the 
end-point is taken as the tube containing tho least amount of test substanoo 
from which tho drop spreads freely. Tin’s is said to contain ono standard 
indicating doso ; different observers obtain consistent results with very little 
practice. Controls using buffer and substrate only wero always included in 
tho test. 

Besxilts. A number of filtrates wore obtained from strains of 
Cl. welchii gvown for 5-18 hours in moat broth plus a concontratod 

Tabue III 


Production of hyaluromdase by Cl. wolchii 


Typo 


IIIHH 

mBOH 

■IjHIl 


7 




U 

0 



0 

0 



4 

16 


0 

0 

G 

HH 

a 

0 ^ 

6 


papain digest of horso muscle and a largo amount of cooked horse- 
moat particles. Table III shows the results obtained in AGRA tests 
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for hyaluronidase; filtrates giving positive results usuaUjr contained 
1000-2000 standard indicating doses per ml. 

The results for GL welchii type A agree very well with those obtained 
hy McClean, Rogers and Williams (1943), Evans (194o) and Kass, 
Lichstein and Waisbren (1945), who found that 33-52 per cent of the 
strains examined produced hj^aluronidase. Chain and Duthie (1940) 
state that CL welchii types A and B produce hyaluronidase, but that 
types C and D do not; the number of strains examined is not stated. 
In our hands all t3^pe'B and some tj^e-D strains have given positive 
results ; the few strains of types C, E and P were consistently negative. 

^ Since McClean and Hale (1941) and Rogers (1945) emphasise the 
importance of the addition of hyaluronic acid to the medium for the 
enhancement of hyaluronidase production by CL ivelchii strains, one 
GL loelchii type-A, one type-B, two type-C, two type-D, two type-E 
and two type-F strains were grown for 5, 24 and 48 hours in the 
meat-broth medium referred to above plus 0-15 per cent, hyaluronate, 
and compared with controls grown in the meat-broth medium alone. 
There was mo enhancement of production by the positive type-A and 
-B strains, and no evidence of any hyaluronidase production by the 
-C, -D, -E or -P strains. This result may be due to our use of media 
different from those used bj^ other workers; it is possible that our basic 
medium contained more than the optimum amount of hyaluronate, 
unlike the casein hj^drotysate medium used by Rogers, the peptone 
plus beef-extract medium used b}^ Evans or the peptone medium used 
by McClean and Hale. 

Kass et aL state that CL welchii strains lose their capacity to produce 
hyaluronidase in meat-broth medium if they are repeatedly subcultured, 
even when hyaluronic acid is added to the medium. Some of our 
positive type-A and -B strains had been subcultured very many 
times, while one type-C, four type-E and six type-F strains had been 
recently isolated but failed to produce hyaluronidase even when 
hyaluronic acid was added to the medium. It seems reasonable to 
conclude that the strains of type C, E and F examined by us do not 
produce hj^aluronidase. 

Test for antiliyahtronidase. EX 902 was chosen as standard and given an 
arbitrary antiJiyaluronidase value of 200 units; tests were carried out at one 
unit, at which level the test dose contained about 250 standard indicating 
doses. The test dose was determined as follows :— 

To amoimts of filtrate differing by 10 per cent, add one unit of serum diluted 
in B.B.S. and make the volume up to 1-5 ml. with B.B.S. Mix the tubes by 
inversion and allow them to stand at room temperature for 30 mins.; 
add 0*5 ml. synovial fluid diluted to contain S indicating doses and proceed as 
in h 5 ^aliu'onidase testing. Take as test dose the minimum amount of filtrate 
which, when mixed with one umt of antitoxin, just produces a good spread in 
the AGRA test. Tliis test dose is then used to calibrate other sera in the usual 

way. 

ftesulis. The majority of sera gave consistent answers ; one only 
(RX 5451)5 tested against the same filtrate, gave a range of answers 
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from 1300 to 2000 : this inconsistency is so far unexplained. Table IV 
^ivos the values of a number of sera tested against tho hyaluronidaso 
present in filtrates of Cl ^oelcliii typo-A, type-B and two typo-B^ 
Tablu IV 

Comparison of antihyaluronidasc values of sera agaimtfour different Cl. wolclu'i 
fiUrqiea to show that the same hyaluronidaso is present in all 


Scrum 

AntlljyaluronldA^fl -value* against flUrate of tj-po 

A 


I) 

n 

EX 002 • 

200 

200 

200 

200 

EX 1101 

90 

80 

80 

CO 

RX S218 

2C0 

210 

210 

240 

RX 5457 

1300-2000 

1500 

1100 

1600 

R5603 

120 

90 

90 

DO 

R 5C09 i 

200 

180 

170 

no 

R 0423 

35 

40 

30 

40 

R 7483 


<0 

<6 

“ <0 

R 8531 


SO 

85 1 

95 

RR 3518 


<0 

<C 1 

<6 

RR 5959 


240 

280 1 

200 

LX 251 

80 

100 

70 

70 

GGC 3290 

80 

90 

70 i 

70 

GWP 100 

760 

730 

770 1 

800 


• standard. 


strains—one producing A-antigon, tho other not (Oakley, Watrack 
and Warren^ J048^^ It is clear that tlio antihyaJuronjdase ysilaes 
of tho sera are independent of tho source of tho filtrate used, and 
therefore that tho hyaluronidases produced by these typo-A, t3^e-B 
and typo-I) strains are antigonically equivalent. 

Avidity in antihyaluronidnse sera. It was found possible to carry 
out reasonably accurate antihyaluronidaso tests at 1/20 unit: deter¬ 
minations of the avidity of sera wore therefore practicable. The 
test dose of a Cl welchii typo-A filtrate was determined at I, 0*5, 
0*25, 0*126 and 0*0G25 units; tho results are given in table V. 

Tabus V 

Hyalurontdase test dose of a Cl. welchii filtrate at levels ranging from 
1 to 1/16 unity to show varying degrees of avidity of sera 




Test dose of Cl, wlchn filtrate In ml. at unit level 


1 

1/2 

1/4 

1/8 

1/10 

EX 902 

EX 1101 1 

0-62 
0*62 1 

0*51/2 

0*68/2 

0*46/4 

0*62/4 

0*23/8 

<0*42/8 

<0*13/16 

RX 5218 , 

0-61 1 

0*08/2 


0*34/8 


RX 6467 

0*G3 

0*92/2 


0*84/8 

0*63/16 

1 

R 5609 

0-62 

1*0/2 

BIhI 

0*74/8 


RX 5457, RX 5218, R 5609 and EX 1101 are reasonably avid i 
EX 902 is veiy non-avid, its test dose becoming relatively Jess 
with increasing dilution of senim. 


J. PATH. BACT.—TOI.. IXfll 
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Antiliyaluronidase in normal horse sera. Cl. welchii antihyal- 
uronidase has been reported in normal sera by Hobby et al. (1941) 
and McClean (1942); we therefore tested a number of fresh and 
aged normal horse sera for Cl, welchii antihyaluronidase at 1/20 unit 
level. All sera tested at this level had less than 1-5 units; it was 
impossible to test them below this, as concentrations of serum gi^eater 
than 1 in 30 themselves caused complete spreading in the ACRA test. 

We have also tested normal sera by the less satisfactory method 
of preparing twofold dilutions of Cl, welchii hyaluronidase and adding 
1 ml. of serum diluted 1 in 30 to each of them. No antihyaluronidase 
could be detected in normal horse sera by this method. 

Experiments with partially purified hyaluronic acid. Partially 
purified hyaluronic acid was prepared from synovial fluid as follows ;— 
One and one-tliird volume of ethanol saturated with potassium 
acetate and cooled to —10° C. was added to one volume of horse 
synovial fluid, the stringy clot well washed with alcohol and then 
with ether and dried over phosphorus pentoxide. The wliite powder 
so obtained was dissolved in distilled water and 0-5 ml. of a 0-05 per 
cent, solution used in the tests. 

Table VI shows the values of sera in ACRA tests against Cl, welchii 
type-A and type-B filtrates, using syno\dal fluid and partially purified 
hyaluronic acid as substrates ; the results agree well and leave no 
doubt that the same enzyme is titrated in aU cases. 


Table VI 

Comparison of antiliyaluronidase values of sera against a Cl. welchii type-A 
and a type-B filtrate, using as substrate synovial fluid or hyaluronic acid 


Serum 


EX 902 * 
EX 1101 
RX 5218 
RX 5457 
R 5603 
R 5609 
R 6423 
R 7577 
R 8531 
RR 3518 
LX 251 
GGC 3296 
GAVP 160 


Serum values against filtrate of 


type A, using as indicator 


synovial fluid 


200 

90 

250 

1300.2000 

120 

200 

35 

<6 

70 

<10 

80 

80 

750 


hyaluronic acid 


200 

250 

1650 

100 

200 

30 

<8 

95 

<8 

80 

no 

610 


type B, using as indicator 


synovial fluid 


200 

80 

240 

1500 

90 

180 

40 

<6 

80 

<6 

100 

90 

730 


hyaluronic acid 


200 

60 

270 

2000 

90 

160 

50 

<6 

80 

<6 

90 

90 

730 


* Standard. 


Nomenclakire. The only known toxins of Cl. welchii common to 
t-smes A, B and D are Cl. welchii a and 6 toxins. Table WI shows that 
the Cl welchii antihyaluronidase values of sera bear no relation to 
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tliciv anti-a or values , Cl. ivdchii hyaluronidnso is aiitigonically 
distinct from a and 6 toxins, and —hy elimination—from tho other 


TAtir.r VII 

Cofnpanson of Cl. welcliu autthj/aluronulnsc t'ahtcs of sera with their anti-a and 
afiti 0 talues, to show that Cl. '«olclni hyaUironidase is antigcmcaUy distinct 


‘y'nim 

\ntUij nliironUliw i aluo 

Anti tt \aluo 

AnU 0\aluc 

EX 902 • 

200 

200 

140 

EX 1101 

90 

20 

30 

RX 5218 

250 

3990 

1100 

R 5003 


"80 


R 5000 



10 

R 0123 

35 

70 

70 

R 7843 

<C 

170 

130 

RR 3518 

<G 

220 

32 

LX 251 

80 

ICO 

02 

GGC 3200 



40 

GWV ICO 

750 

4500 

IC 


• Sundih! 


IcnowTi toxins of C[ tukhii. Wo find it convenient to call it Cl, jtelchii 
Mu-antigon (;i-antigen). 

Factors affecting the test for deoxyribonuclease 

Most of tho factors nffectmg tho tost for liyaluromdnso nro oqualli’’ important 
m deoxyribonucloase tests : a fow achlitionnl points nro referred to hero 

The substrate. Wo have used throughout sodium doo'>L 3 nbonucIoato prepared 
from horse spleen by the method of Gulland, Jordan and Throlfall (1947) (aeo 
Warrack, BidwoH and Oakley, 1951) It was dissolved lu M/40 veronal buffer, 
pH 7*5, containmg 0 003 M magnesium (McCarty, 1945 40) by gentle slmkmg 
m n water-bath at 37® C. Commercial dcox 3 T'ibonucleato proved unsatisfuctoiy 
for AGKA tests. 

Diluents. Veronal buffer was used for diluting substrate, 1-5 per cent, 
ncopeptone in 1 per cent, sahno for dilutmg filtrate and sera. 


ACM A tests for deoxyribonuclease and aniideoxynbonuclcase 

Test for substrate. Di'^solvo sodium deoxjTibonucIoato m veronal buffer 
as above to give a convenient concentration. From this solution prepare two 
fold dilutions in 0*5 ml. volumes of \oronal buffer and add 1*5 ml. of 1'5 per 
cent, neopeptone to each tube. Mi\ by inversion and incubate m n water-batli 
at 37® C. for one hour. Sub'^equont testing is exactly as m tho ACRA tests for 
synovial fluid. Tlie blob formed m tho test is rather smaller titan that produced 
by synovial fluid, and tends to break up more readily, though if it contains 
sufficient deoxyribonucleate it always retains some structure Tho batch of 
sodium deoxyribonucleate used in our tests gave a good viscous blob at 0*13 pec 
cent., a fair blob at 0 005 per cent, and spread at 0 033 per cent. A concentra- 
tion of 0 13 per cent, was therefore used in our tests. 

Test for Cl. welchii deozynbonuclease. Filtrates eon be tested for deoxy¬ 
ribonuclease by estimation of the maximum dilution m I *5 per cent, neopeptone 
in 1 per cent saline at which they will produce spreadmg of sodium deoxy¬ 
ribonucleate m standardised ACRA tests. 
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Besults. Owing to lack of substrate, few strains of CL welcMi liaTe 
been examined for deoxyribonuclease production. Filtrates from 3 
type-A strains contained 32-64 standard indicating doses per ml.; 
three type-B filtrates 8-64 doses; one filtrate from a type-G strain 
had no activity undiluted, but another, concentrated about 30 times, 
had about 16 standard indicating doses per ml. Two filtrates from 
type-E strains had only 4-8 doses ; another, concentrated about 
40 times, 1000 standard indicating doses per ml. Two type-P strains 
had 32 and 64 doses per ml. respectively. 

Test for Cl. welchii antideoxyribomiclease. Serum GWP 2081 was 
chosen as standard and given an arbitrary antideoxyribonuclease 
value of 180 units. Tests, in general similar to those used for anti- 
hyaluronidase, were carried out at 2- or 4-unit levels; the test dose 
contained 15 or 30 standard indicating doses. Table VIII gives the 

Table VIII 


Serum antideoxyrihonuclmae values against Cl. welchii type^A and type-F 
filtrates in ACBA tests {substrate sodium deoxyrihonudeate) 


Serum 

Serum values against illfcrate of 

type A 

type F 

EX 1254 

EX 1263 

EX 1274 

EX 1275 1 

RX 6326 

RX 5457 1 

RX 5526 

RX 5527 : 

OWP 160 

GWP 2081 1 

130, 140 

140, 150. 140, 100, 100 

490, 390, 390 

140, 120 

60, 45 

50, 50, 40 

410, 420, 300, 320 

180, 120, 120, 175 

36, 40 

180 

150, ISO 

<40, <50, <30, <7 

480, 610 

230, 200, 190 

60, 65 

45, 45 

670, 510, 540, 450 

200, 215, 215 

35, 45 

1 180 


• standard. 


serum values against one CL welchii type-A and one type-E filtrate. 
Considering the errors of the test, the agreement is fair; only one 
serum (EX 1263) gives discrepant values which are so far unexplained ; 
the rest leave little doubt that the same deox 3 T’ibonuclease is present 
in both Cl. welchii type-A and type-F filtrates. 

Comparison of the AGBA test with McCarty's alcohol 
precipitation test 

McCarty (1949) described a test for streptococcal deoxyribonuclease 
and antideoxyribonuclease which depends on the fact that alcohol 
precipitates sodium deoxyrihonudeate as a fibrous mass. .Mter 
digestion of the deoxyrihonudeate vdth deoxjnibonudease, addition 
of alcohol produces only a light floccular precipitate. 

Test for substrate. Dissolve sodium deoxyribonucleate to a convenient 
concentration in the veronal buffer used for the AGRA test and prepare from it 
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two-foU iButions m 0*5 to\. volumes of votoanl buffer; add to oncli 1*6 ml. 
of protcju hydrolysate diluted 1 in 5 m distilled water (this proved more 
satisfactory than noopeptono solution). Mix by inversion,, incubate in n wntor- 
Wth tvt 3 * 1 ® C. for ouo hour^ remove from bath, cool rapidly in ice-cold water, 
add 2 ml. of 05 per cent, alcohol and m\\ by gentle shnlcing. Hoad the tests 
directly from the fibrous mass fonned. If sufilcient substrate is present, a 
firm fvbrous clot will float to the surfaco ; «s the amount of substrato diminishes 
only threads appear and finally only a light floccular j>rocipitato is formed. 
One batch of Bubstrato gnvo a good clot at 0*13 per cent., a Bmnllor clot at 
0-0G5 per cent, and threads nt 0-033 per cent.; wo uswl ft concentration of 
0-13 per cent, in tests. 

Test for Cl. welchii ilcoxyriho7iuclca8c. Filtrates can bo tested for deoxy¬ 
ribonuclease by estimation of the maximum dilution in protein hydrotj-sato 
that ^^iU, under standard conditions, reduce the amount of sodium deoxy- 
ribonucleate to that which will form only threads in alcohol precipitation tests. 

Test for Cl. welchii ant{deo3:yribotiudcasc. GWP 2081 was used ns the 
standard, ns in /VCRA tests, nt a value of 180 units. Sera wore testoil against 
ifc at the 2*unit level at 20 per cent, differences; nt this level the tost doso 
contains 30 standard indicating doses. 

To the test doso at 2 \mita add amounts of test sera differing by 20 per cent.; 
add diluted protein hydrolysate to 1-5 ml., mix by inversion and allow: to stand 
30 mins. Add 0-6 ml. of diluted substrate, incubate in a wntor-bnth at 37® C. 
for one hour, remove, cool rapidly in ice-cold w’ator, and add 2 ml. of 03 per cent, 
alcohol to each tube. Take fts end-point the tube containing most antitoxin 
that shows threads. Both crude and refined sera diluted less than I in 20 were 
precipitated by alcohol under the conditions of the it was thcrefoTO 

impossible to test sera w-hoso values wore less than -10 units. 

Table IX gives the average values for a uuiubor of sera tested for 
anti-deoxyribonucloaso by the ACRA and alcohol precipitation 
methods ; the results agree fairl}^ well, showing that both tests ostimato 
tlie same antideoxyribonncloaso. 

Table IX 


Comparison of scrum values against a Cl. %velclui type^A filtrate in ACE A and 
alcohol prccipffalian tests, vsing sodium dcoxyribonucltaie as substrate, to 
shoio that both tests rneastire the same antigen and antibody 


bcnim 

Sc^m values In 

ACHA tests 

alcohol precipitation tests 


EX 1254 

130, 140 

140, IGO, 140,100, 100 

130 

EX 1263 

no 

EX 1274 

400, 390, 300 

300 

EX 1275 ! 

140, 120 

175 

RX 6320 

50, 45 

40 

RX 6467 ; 

50, 50, 40 1 

30 

RX 6526 ' 

410, 420, 300, 320 

650, 600 

RX 6527 1 

180, 120, 120, 175 

105 

C1\V1? 2081 ♦ 

180 

180 


• Standird. 


Nomendaiure. As table X shows, the deoxyribonuclease present 
in Cl, ivelchii type-A and type-F filtrate is antigenically distinct from 

j. WTH. jiAcr —voi- ucia D 2 
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the other known antigens of Cl. mlcJin tjrpes A and F ; we therefore 
propose to call it Cl. welchii Nu-antigen (v-antigen). 


Tabi;e X 


Comparison of Cl. welchii antideoxyrihonvclease vahios of sera with their antz-a, 
antUBi anfi-K, and antihyaluronidase values, to show that Ci. welchii 
deoxyribonuclease is antigenically distinct 


Serum 

Serum values 

Aiiti-a 

Anti-S 

Anti-fl ‘ 

Anti-A: 

Antihyal- 

uronidase 

Average 

antideoxy- 

riljonucJcasc 

value 

EX 1254: 

5*5 

2,800 

6 

<20 

<5 

135 

EX 1263 

3>1 

800 

1-8 

<20 

<6 

116 

EX 1274 

4*25 

6,750 

19 

<0-5 

<0-5 

420 

EX 1275 

3*8 

230 

28 

<0-25 

<5 

130 

KX 5326 

1650 

0*5 

640 

2500 

145 

’ 47 

RX 5457 

1 620 

! 0*5 

16*5 

5 

1500-2000 

46 

RX 5526 

1 6 

■ 11,000 

! 3 

<20 

<1-5 

375 

RX 5527 

3*3 

1,000 

15*5 

<20 

<1-6 

145 

aWP 160 

4500 

0*5 

16 

6900 

750 

47 

GWP 2081 

2700 

<0*5 

180 

3500 

560 

180 


* standard for antideoxjTjbonucIease, 


StnviMABY 

The ACRA test can be modified to test with considerable accuracy 
for hyaluronidase and deoxyribonuclease and to calibrate sera for 
antihyaluronidase and antideoxjTibonuclease. 

By its use it can be shown that the same hyaluronidase (Cl. welchii 
fi-antigen) is produced by some Cl. welchii type-A strains, all type-B 
strains and some type-I) strains examined. No type-C, -E or -F 
strains produced any hyaluronidase ; the addition of hj^aluronic acid 
to our medium made no difference to hyaluronidase production by 
any of the strains tested. 

Similarly it can be shown that Cl. welchii types A and E produce a 
deoxyribonuclease (Cl. welchii r-antigen) and that the ACRA test 
and McCarty’s alcohol precipitation test estimate the same antigen 
and antibody. 

We should like to thank Dr E. Bidwell for supplies of hyaluronic acid and 
sodium deoxyribonucleate, Jlrs 1. Batty for determining the anti-« and 
anti-^ values of some of the sera. Miss J. C. Waite and Miss H. E. Ross for 
many bacterial filtrates, and Miss E. Hart and Bliss B. Sievewright for con¬ 
siderable technical assistance. 
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STAPHYLOCOCCAL PHOSPliATASE, GLUCDROOTD ASE 
AND SULPHATASE 

JIUhy Barber, B, W. L. Bbooksbank and S. \Y. A, KtrpEit 

From the Dcpartmcntji of Bacteriology and Chemical Pathology^ 

St Thomas's Hospital Medical School, London 

Barber et al. (1048) carried out oxporimonts to doterniiiio wlmt 
organisms may bo responsible for tlie destruction of “ prognandioMiko 
glucuronido(Bissot ct al,, 1048) in unpresorvod human urine. A 
number of organisms likely to be pi*esont in non-catbetor specimens 
of urine, such as Bad, coli, Strep, fcccalts, and staphylococci wore 
tested, and it was found that certain strains of Staph, albus destroyed 
both progimndiol-lilce glucuronido and pregnandiol glucuronidate. 
Since a few strains of Staph, j)yogcncs tested at the same time ^voro 
without apparent olTcct on these compounds, it was considered desirable 
to make a further study of the distribution of glucuronide-dcstroying 
enzymes among vStapliylococci* TOiilo studjdng glucuronidase pro¬ 
duction, the same organisms wore tested for phosphatase and, at the 
suggestion of Professor L. Young, for sulphatase. 

The use of pbenolpbtbalein phosphate as n substrate in tbo 
detection of bacterial phosphatase was first recommended by Bray 
and King (1942). The advantage of this compound for such tests is 
ob\ious owing to the ease with which freo phenolphthalein can bo 
detected. We decided, thoroforo, to uso pbonolpbtbalein glucuronido, 
phenolphthalein phosphate and phenolphthalein sulphate as substrates 
for the present investigation. 


jMethods 

Substrates, Piionolphthaloin diphosphoric acid was prepared from phenol- 
phthalcin and pliosphonis ox 5 "ehlorido in p^Tidino-chloroform according to the 
procedure of Fishman ct al, (1948). Some of the gummy moss of phenolphthalein 
diphosphoric acid so obtained was dried in a vacuum desiccator over calcium 
cldoride and used for the pliosphataso tests. Phenolphtlialoin diphosphoric 
acid, unlike the calcium salt—the preparation iLsed by Bray and King (1942), 
is readilj' soluble in water. TJio solution is of course acid, but can bo brought 
to a neutral or slightly alkaline pH by dilution with phosphate bufTor or a 
bacteriological medium at 7 >H 7'4. A sample of the solid ^vas converted to the 
sodium salt and purified according to the proceduro of Huggins and Talalay 
(1946). The pure sodimn salt was analysed for total phosphorus and for sodium. 
Two analyses gave values for P of lO-Gl and 10*42 per cent.; the calculated 
P value for CjoHiaOuPaKaj was 10*24 per cent. The corresponding figures 
for Na were 11*9 and 11*4 per cent,; calculated value 19*0 per cent. The 
j. rjmr. bact.—voi. bxii! 67 
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calculated values for the trisodium salt of the diphosphate, CjoHi 50 „P,Na, 
were P, 11-04 per cent.; Na, 12-28 per cent. It is not possible to distinguish 
between the penta- and trisodium salts from the ana]jd;ica] figures for sodium 
but It IS unhkely that the compound is not a diphosphate. It will be noted 
that Huggins and Talalay also found anomalous figures, namely Na, 11-68 ner 
cent.; P, 9*46 per cent. 


The bulk of the phenolphthalein diphosphoric acid was made into a neutral, 
essentially pyridine-free solution. This was injected into rabbits at first in 
two simultaneous daily injections of 5 ml., eadi containing approximately 
500 mg., and later in two simultaneous daily doses of half this amoimt. The 
rabbits (8 in all) were kept in metabolism cages and about 60 g. of phenolphthalein 
phosphate administered to them. Two died under the large dosage and were 
replaced, but all survived the lesser dosage. They were fed on cabbage and 
carrots, with water ad libitum. The urine was collected imder toluene and 
processed according to Pisliman et al. for phenolphthalein glucuronide. The 
yield of the crystalline cinehonidine salt of phenolphthalein glucuronide, twice 
recrystallised from hot methanol by the addition of hot ethyl acetate, was 
10*1 g. An upproxunately equal quantity of cruder material was also obtained. 
The purified cinehonidine salt gave 93'5 per cent, of the theoretical quantity 
of phenolphthalein for a salt with one molecule of methyl alcohol of crystallisa¬ 
tion when hydrolysed by boiling with 4A^CI. A nearly 0-01 M solution of 
sodium phenolphthalein glucuronidate was prepared from tlie crystalline 
cinehonidine salt by the procedure of Talalay et al, (1946). This was diluted 
as required for the glucuronidase tests. 

Phenolphthalein sulphate is a new compound and was prepared by Professor 
L. Yoxmg. 

Preparation of medium. Stock solutions, approximately 0*01 ilf, of the 
tliree substrates were prepared in water, sterilised by Seitz filtration and stored 
in a refrigerator. For tests, these solutions were added separately, with aseptic 
precautions, to broth consisting of Lab-Lemco 1 per cent., peptone (Evans) 

1 per cent, and ^NTaCl 0-5 per cent, at pH. 7-4-7-6. The final concentration of 
the substrate used was in most cases l/50th of the stock solution (i,e, 0-0002 My 
or approximately 0-01 per cent,). Higher concentrations increased the rate of 
liberation of free phenolphthaleinlower concentrations gave fewer positive 
reactions. 

It was found that the solutions were stable at a temperatiue of 100® C, 
wlien diluted 1 in 50 in the buffered medium at pH 7 -4 used for the tests. The 
substrates were hydrolysed, however, at higher temperatures or if heated in 
acid solution. 

Test for enzyme production. Broth plus substrate was inoculated with the 
organism to be tested and incubated at 37® C. At various intervals a sample 
was removed and made just allvaline by the careful addition of lY/lO NaOH, 
w-hen a pink colour develops in the presence of free phenolphthalein. (With 
excess of alkali the pink colour obtained Avith free phenolphthalein disappears.) 
Unless a positive result was obtained earlier, the cultures were kept in the 


incubator for from 7 to 14 days, ^ ^ 

Soiirces of staphylococci. Tests were carried out on 160 coagulase-positive 
strains of staphylococci, hereafter referred to as Staph . pyogenes, and 75 coagulase- 
neemtive strains. Tlie former were isolated from cases of staphylococcal infection 
orinasal carriers in seven^different London hospitals, the Kent and Canterbury 
Hospital and St Marj-’s Hospital, Manchester. The date of isolation ranged 
from 1947 to the time of the present investigation ; 80 of the strains were 
peniemin-sensitive and 80 penicillin-destroying. Of the coagulase-negative 
staphylococci, 55 were recently isolated from the anterior nares of students 
and staff of this hospital and 20 from pathological specimens (12 nasal swabs 
and 8 miscellaneous) from foiu London hospitals. 



Tiina: staphylococcus pKZYMns cj) 

SULTS 

Phosphatase From tablo I it a\i 11 bo scon that Stapiliylococcus 
pyogenes and coagulase nogiituo staphylococci difTer significantly in 
thoir production of phospliataso All tho ICO strains of Staph pyogenes 

Taulp I 

Phosphatase product ton bt/ staphylococci 


I rfxluctlort 

ContnilAw* IvmIUvo 


Positive within 24 liours • 

ICO 

1 

Ncgativ 0 nt 24 hours 1 

Positive m 2 7 dajs ; 

0 

54 

Ncgativ o at 7 daj a 

0 

20 

Total 1 

ICO i 

75 


* All co-iffiilixc positive strahw ^ave thU nacti Jii In 18 Iiours or 11 e c<xiKiita«c mBnU\« 

strain In thU catcK jr> Rave a rracti >ii betnef n IS an 1 21 I onra 


liberated sufticiont fieo phonolphthalein to gi\o a deep rod colour 
on tho addition of alkali m 18 hours or less Only 1 of tho 75 coagulase 
iiogatiro strams gave a comparable lesult, namoly’^ positno in 18- 
24 hours This strain uas isolated m association uitli Staph pyogenes 
from tho anterior naros of a member of tho staff of this hospital Of 
tho other coagulase negative strains, 54 gave a positive reaction in 
from 2 to 7 day^s and 20 were negative at tho end of a ucok 

Qhiciiromdasc The niimboi of strains liberating phonolphthalein 
from phonolphthalein glucuromdo is given m table II It will be 

Taiue II 


Glucuronidase production by staphylococci 



CrMBiiIaK* i>o?Jthc 

Co.irh1ii.><c ricRatlvc 

Glueuronitlaso positive 

Glucuromdose negative , 

Total 1 

6 (3 7 por rent) 

164 

12 (10 per cent) 

03 

ICO 

75 


seen that G (3 7 per cent) of ICO strains of Staph pyogenes and 12 
(16 per cent) of 75 coagulase nogatn e staphydococci gave positiv’^e 
results The time taken ranged from 1 to 7 days Of tho G coagulase- 
positiv^e strains, 4 took from 4 to 7 days and 2 from 1 to 3 days , 
tho time taken by tlio 12 coagulase negative strains was 4 7 days 
for 4 strains and 1-3 days for 8 strams Thus tho coagulase negative 
strams liberated free phonolphthalein more rapidly than tho coagulase- 
positivc strams 
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Of the 6 glucuronidase-producmg strains of Staph, pyogenes, 3 
were isolated from nasal swabs, 2 from ear swabs and 1 from the 
conjimctiva. Nine of the 12 coagulase-negative strains liberating 
phenolphthalein were from the anterior nares and 1 was from the 
air of a maternity department. The source of the remaining two is 
unknown. 

Sulphatase. None of the strains of staphylococci tested was 
capable of liberating phenolphthalein from phenolphthalein sulphate 
to any considerable degree. Two strains of Staph, pyogenes, one 
isolated from the anterior nares and one from a specimen of feces, 
gave a weakly positive reaction after 7-8 days^ incubation. None 
of the coagulase-negative strains gave a positive reaction (table III). 

tabub rn 


Sulphatase production by staphylococci 


Sulphatase production 

Coagulasc-positive 

Coagulase-negative 

Sulphatase-positive .... 

2 

0 

Sulphatase-negative . . > . 

158 

73 

Total 

160 

1 

73 


In contrast to this, an aerobic sporing bacillus, encountered as a 
contaminant, gave a positive reaction in 5 days and a strain of Salm. 
paratyphi B in 4 days. 

Corrdation of results and relation to other findings 

Staph, pyogenes. Of the 2 sulphatase-positive strains, 1 also 
produced glucuronidase and 1 did not. As shown in table IV, there 
was no correlation between the production of these enzymes and of 
penicillinase. 

Tabiie IV 

Coagulase-positive staphylococci 



Penicillfn-sensf t i ve 

Penicillin-destroying 

Grlucuronidase-positive . . . • 

3 

3 

Sulphatase-positive . . • - 

1 

1 


Coagulase-negative staphylococci. Table V relates phosphatase and 
slucuronidase activity. It wiU be seen that the two enzpies do not 
go together. Of the 12 glucuronidase-positive strains, 5 also produced 

phosphatase, 7 did not. 





TliREE STAPHYLOCOCOUS ENZYMES 01 

All coagulaso-nogativo strains "wore also tested for mannitol 
fermentation. Tlio results in relation to glucuronidase and phos- 


Taulu V 

CooQula’iC ncgalnc stnphylococci 



riKHplmta'p iMvItho 

rhfwpIi.Mnv' ncj?atl\c 

Gluciironidoso-posit n e 

fi 


Qlucuromdaso negntivo | 

f,0 1 


Total 

55 

20 


phatase are given in tabic \r[. Again thoio is no apparent correlation 
botn eon any of these activities. 

TAaLV VI 


Coagulasc negatae Ptaphylococci 



Itannltol positive 

Unanltol nejnthp 

Glucuronidase positiio 

4 

8 

Olucuronidaso nogati% o 

10 

53 

Total 

14 

01 

Phosphatase positive 

8 

4S 

Phosphatase nogotn e 

G 

13 

Total 

14 ! 

1 

61 


Effect of conceniraliaii of substrate 

T^\o strains of coagulaso^ncgativo staphylococci showing glucu- 
romdaso activity were each inoculated into tubes of broth containing 
three different concentrations of phenolphthaloin glucuronido, namely 
0-0025 per cent, in tube 1, 0-01 per cent, m tube 2 (equalling the 
concentrations used in previous tests) and 0-1 per cent, in tube 3. 
After 48 hours at 37® C., the amount of free phonolphtlialein was 
estimated The results are shorni in table VII. It vdll bo soon that 
the fourfold increase in substrate between tubes 1 and 2 caused a 
considerable increase m the amount of phonolphthalein liberated, 
whereas the further tenfold increase in substrate botMCon tubes 2 
and 3 had comparatively little effect on the amount of phonolphthalein 
liberated. A third strain, recorded as negative in table II, vas found 
to liberate 2-3 ^g./ml. of phonolphthalein when gromi in broth 
containing 0*1 per cent, of substrate. 
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Pour ^ coagulase-negative strains were tested quaHtatively after 
-.4 hours incubation in 3 different concentrations of phenolplithalein 
phosphate, namely 0-01, 0-05 and 0-1 per cent. Two of the strains 


Tabm WI 

Effect of concentration of substrate on amount of pJienolphihahin 

liberated 


Concentration of substrate 
(g. per 100 ml.) 

Vhenolphtlialein liberated 

Strain P6009 

Strain M3994 

Mg./ml. 

Fercentage of 
total present 

jig./ml. 

'Percentfige of 
total present 

O'OOSo 

6-6 

54*9 

10*3 

85*8 

O'OI . . 1 

18-0 

30-0 

22-4 

37*3 

O'l . 

184 

i 34 

i 24*1 

i 4*0 


gave a negative result in all three tubes ; these two strains had both 
been negative after 7 days in the previous tests. Two strains gave a 
positive reaction in the tube containing the highest concentration of 
substrate (OT per cent.) but were negative in the other two tubes; 
these strains gave a positive result in 2 and 4 days respectively in 
the previous tests^ when the concentration of substrate was 0*01 
per cent. 

Discussion 

In 1932 Gordon and Cooper demonstrated the presence of glycero- 
phosphatase in chloroform-killed suspensions of Staph, aureus and 
Bad. coli, and in 1933 Boivin and Mesrobeanu also recorded phos¬ 
phatase activity of these organisms. With acid-insoluble phosphate 
substrates, the latter workers found greatest actmty at 10, 
whereas with acid-soluble phosphates the optimum pH was 6. They 
favoured the view that these organisms had two distinct enzymes 
but could not rule out the possibility that the results were due to a 
single enzyme, the optimum pH varying vith the substrate. 

The introduction b 3 ’‘ Bray and King (1942) of phenolplithalein 
phosphate as a substrate has made the detection of bacterial phos¬ 
phatase relative^ simple. These workers (Bra}^ and King, 1943 ; 
King, 1943) studied a large number of micro-organisms belonging to 
a wide variety of species for phosphatase actmty by incorporating 
phenolphthalein phosphate in an egg medium. The great majority 
of the organisms studied showed some activity, but 60 strains of 
CoryTiebacferiuiTi diphtheTi(B all gave negative results. Ten strains 
each of Sfaph. auretis and Staph, albns (coagulase test not recorded) 
all gave a strongly positive reaction. The amount of substrate used 
by tiiese workers was about 40 times tliat used in the present investiga- 
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tion, \\hicli may account for thoir finding no apparent difTcicnco in 
reaction between straiiH of Stapli, aureus and Staph, albus. Bray 
and King (1043) found that ieduction in the amount of plionolplithalcin 
phospliate in the medium oliminnlod wealc reactors. In the present 
investigation, it w'as found that an increase in the amount of substrate 
accoloratcd positive reactions in coagidaso-negative htaplo’lococci and 
the concentration used for the tests was that giving maximum 
difibrentiation. 

Severn! studios of hactorial glucuronidase Jiavo appeared recently. 
Prom cidtmes of BacL coli, Buehler cl ah (1049) and Smitli and Mills 
(1950) prepared cell-free filtrates which wore able to liberate the 
agl 3 ’cones from p-B-gUicuronidos. The cnzjnne or onzj'mos i-csponsiblc 
have been loosely’' classified ns /3-glucuronidaso, although no tests of 
their specificity or mode of action lin\ o been made. Knninairafcnam 
and Lovvj" (1950) demonstrated an onz 3 'mo liberating free phenol 
and phenolplithalciu from thoir rcsjicctivo glucuronidcs in cell-free 
preparations from medium-sized micro-organisms in the rumen of 
sheep. Buehler ct aJ showed that ^-glucuionidaso pi eduction b 3 ' 
Bad. coli was stimulated b 3 ’ the presence of menthol glucmonidc 
in the medium. Smith and I^lills (1950) found that glucuronidase was 
not produced hy stiains of Bad, coli grown in nutrient agar or peptone 
medium, but that transference to a medium containing 0*1 per cent, 
menthol ghicuronido stimulated glucuronidase pioduction within 
24 hours. For maximal production of the enz 3 *mo these w’orkors 
recommended 0-5 per cent, menthol glucuionido in tlio medium, 
althougli ivitli this concentration the amount of free montliol liberated 
W'as sufiiciont to inhibit growth complotol 3 x It is possible, thoroforo, 
that in the present investigation more strains of staphylococci w'ould 
have given positive results if a greater concentration of substrate 
had been used, 

SUJIMARY 

Wo tested 160 strains of Staph, pyogenes and 75 strains of coagulaso- 
negative staphylococci for their capacity to liberate free phonolph- 
thaloin from phonolplithalein phosphate, phonolphthaloin glucuronido 
and phenolphthalein sulphate in fluid medium. 

All 260 strains of SlapJt. pyogenes but only 1 coagulaso-nogative 
strain liberated free phenolphthalein from phenolphthalein phosphate 
in 24 hours or less; of the remaining coagulaso-nogative strains 54 
gave a positive reaction with this substrate in 2-7 days and 20 were 
negative at the end of a w eek. 

With phenolphthalein glucuronide 6 (3-7 per cent.) strains of 
Staph, pyogenes and 12 (16 per cent.) coagulaso-negativo strains 
gave a positive reaction. 

Only 2 strains of Staph, pyogenes and none of the coagulaso- 
negativo staphylococci showed any sulphatase activity. 
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Our thanks are due to Professor L. Young for the supply of phenol- 
phthalein sulphate and for much valuable advice and criticism. 

REFERENCES 

Babbeb, jVIaby, Bkooksbank, 1948. Nature^ cbdi, 701. 

B. W. L., AKD Hasuewood, 

G. A. D. 

Bisset, N. G., Brooksbank, 1948. Biochem, J., xlii, 366. 

B. W. L., AND Haslewood, 

G. A. D. 

Boivin, a., and Mesrobeantj, 1933. C7, B. 8oc. Biol., cxii, 611. 

Lydia 

Bray, J., and King, E. J, . . 1942. This Journal, liv, 287. 

„ „ „ . . 1943, This Journal, Iv, 315. 

BubhIiER, H. j., Katzman, P. A., 1949. Fed. Proc., viii, 189. 

and Doisy, E. a. 

Fishman, W. H., Springer, B., 1948. J. Biol. Gliem., clxxiii, 449. 

AND Brunetti, R. 

Gordon, J., and Cooper, K. E. . 1932. Brit. J. Exp. Path., xiii, 503. 

B[i3[GGIns, C., and Taialay, P. . 1945. J. Biol. Chem., clix, 399. 

Kartjnairatnam, M, C., and 1950. Biochem. J., xlvii, P. xxxi. 

Lewy, G. a. 

King, E. J. 1943. This Journal, Iv, 311. 

Smith, E. E. B., and IMidls, G. T. 1950. Biochem. J., xlvii, P. xlix. 
Talaiay, P., Fishman, W. H., 1946. J. Biol. Chem., cl^i, 151. 

and Huggins, C. 




578 . 8 . 078 .39 : 57^ • 851 • 252 {Staph, pyogenes) 

IDENTmCATION OF STAPHYLOCOCCUS PYO¬ 
GENES BY THE PHOSPHATASE REACTION 

JIabv Barber and S. W. A. Kuper 

From the Department oj Bacteriology^ St Thomas's Hospital 
Medical Schoolt London 

(Plate III) 

In tho previous investigation (Barber ei a?., 1951) phenolphthaloin 
phosphato, as recommended by ICing (1943), was used for tho detection 
of phosphatase production by staphylococci. It was found that there 
was n close correlation bot%\ eon coagiilaso production and phosphatase 
production. Thus coagiilaso-positive staphylococci, hereafter roforred 
to as Staph, pijogctm, produced sufllciont phosphatase to split phenol- 
phthalein phosphate incorporated in nutrient broth in a concentration 
of 0*01 per cent, in 12-18 hours, 'vvhoreas coagulaso-negative strains 
liberated phonolphthalein under these conditions either more slowly 
or not at all. Tho present investigation was undertaken, thoroforo, 
to see wbothoT phosphatase production could ho used for tho dotoetion, 
of pathogenic staphylococci in young cultures. 

JlrrmoDS 

Phenolphthalcin diphosphate agar. A stock solution, approximately 0 01 ilf, 
was prepared by dissolving 0 5 g. phenolphthaloin diphosphonc acid in distilled 
^vate^, sterilised by Seit/ filtration and stored m a refrigerator. Such a solution 
has a pH of about 2 0 ond is therefore easily hydroh sed. It becomes relatively 
stable, houover, uhen diluted 1 m 5 or more in a buffered medium at pH *7*4. 

A similar solution of tho sodium salt of phcnolphthalem phosphate gave 
equally satisfactory results, and os tins is a more stable compound it is probably 
more suitable for routine use Tho calcium salt, however, can not be dissolved 
in tho required concentration. 

Tor the preparation of medium a suitable quantity of nutrient agar at 
pH 7 4 was melted and, using aseptic precautions, 1 part of phenolphtlialein 
diphosphonc acid solution was added to 49 parts of molted agar, givmg a final 
concentration of 0 01 g. phenolphthaloin diphosphonc acid per 100 ml. nutrient 
agar. Tho mixture was poured into Potn dishes, allowed to sot and then dried 
in the incubator. Phonolphthalein phosphate agar thus prepared could he 
kept and melted for plates or slopes as required. In tho tests hero described, 
tho nutrient ngar consisted of 1 per cent. Lab Lemco, 1 per cent, peptone, 
0 6 per cent, NaCl and 1*5 per cent, slired agar. A digest medium was shown, 
however, to give similar results. The concentration of substrate is important, 
smee, within certain limits, tho rate of liberation of free phonolphthalein vanes 
directly with it. TIius with a tenfold increase in substrate a number of coagulase- 
negative staphylococci give positive reactions m 18 24 hours 

Collection and testing of specimens Nasal swabs were taken with broth- 
moistened swabs from tho anterior nares of 100 adults, 37 patients, 30 medical 
j PATH nAor—vot ixin 05 
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students and 27 laboratory staff. The swabs were plated directly on phenol- 
phthalein diphosphate agar plates in the usual way. After overnight (16-18 
hours’) incubation at 37° C., the growth was held over an open bottle of ammonia, 
when colomes producing sufficient phosphatase to liberate free phenolphthalein 
become bright pinlr, whereas others remain unchanged. Representative colonies 
were selected for further investigation soon after exposure to ammonia, as the 
pink colom fades after some minutes. 

Coagulase tests on colonies selected from all plates were carried out by the 
tube method of Fisk (1940). In a few instances the slide method of Cadness- 
Graves et al. (1943) was also used and gave similar results. 

Results 

^Vllen the phenolphthalein phosphate plates were fii-st examined 
after overnight incubation, staphjdococcal pigmentation had not fully 
developed and only a few of the plates showed typical aureus colonies. 
On exposure to ammonia, however, 42 of the 100 plates showed 
phosphatase-positive staphylococci. On a few plates there were 
colomes of coliform bacilli which appeared pink after exposure to 
ammonia, but these were readily distinguished from staphylococcal 
colonies. Figs. 1 and 2 show typical plates. Fig. 1 is a Petri dish 
inoculated on the upper half with a pure growth of Staphylococcus 
pyogenes and on the lower with a pure growth of a coagulase-negative 
staphylococcus. Fig. 2 shows a mixture of coagulase-positive and 
coagulase-negative staphylococci, the former appearing bright pink 
owing to phosphatase production. 

From 1 to 4 phosphatase-negative staphylococcal colonies from 
all plates and 2 phosphatase-positive staphylococcal colonies from 
each of the 42 plates, where these were present, were inoculated 
individually into tubes of Lab-Lemco broth. The selection of colonies 
was sometimes difficult where there was a heavy growth of phos¬ 
phatase-positive staphylococci, as free phenolphthalein was then 
present in the surrounding medium. This gave rise to a generalised 
pink background, thus causing phosphatase-negative colonies in 
some cases to appear slightly pink. After 6-24 hours at 37° C. the 
broth cultures were tested for coagulase production by the method of 
Fisk, and in most cases retested for phosphatase. 

The staphylococcal colonies picked from the 58 plates showing no 
phosphatase-producing colonies were in aU cases coagulase-negative. 
Thus with these cultures there was complete correlation between 
coagulase production and phosphatase reaction. 

From the 42 plates showing phosphatase-positive staphylococci 
160 colonies were selected for the coagulase test; 85 were phosphatase¬ 
positive and 75 were negative or doubtful. Of the 85 phosphatase- 
positive colonies, aU but 1 were coagulase-positive. The one coagulase- 
negative culture was retested for phosphatase and again gave a positive 
reaction after 18 hours incubation. Of the 75 negative or doubtful 
colonies, 70 were coagulase-negative and 5 coagulase-positive ; the 
latter 5 colonies came from plates showing a heavy grovdih, making 

30302 . 
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Fio. 1.—'Upper hnU of p^ato; pure growth of Smpli. p*j(ygcnc3 (pmh): 
lower lialf; piiro groa'tli of congulase.ncgati\ o Rlaphylococci. 



Fio. 2 —Culture as from nnsal swab shoeing a small number of pink colonies of 5/ap/i. 

a heavy growth of coagulaso negative (white) staphylococci. 
CuKurt^6F staphylococci gror\Ti on nutrient agar plus 0 1 per cent, phenol- 
phthaloin diphosphate for 18 hours and then exposed to ammonia. Flxosphatase- 
positive colonies pink, phosphatase negative colonies white. 
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cases retested for phosphatase. All hut 1 of the phosphatase-positive 
colonies tested were coagulase-positive. AU persistently phosphatase¬ 
negative colonies were coagulase-negative. 

A few colonies picked from crowded plates gave doubtful phos¬ 
phatase reactions and were coagulase-positive but, on retesting, aU 
such colonies gave a positive phosphatase reaction in 18 hours or less. 

Our thanks are due to IMr A. L. Wooding for the colour photographs. 
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TWO CASES OF GIANT-CELL GRAl^ULO^MA 
OF THE PITUITARY GLAND 

I. Doniaoii and E. A. Wkiqut 

I'rom the Departments of Pathology of the Postgraduate Medical School of Z/ondon 
and Ouy*s Hospital Medical School 

(PliiVTES lY-IX) 

In 1917 Simmonds discovered four cases of a peculiar and unexpected 
granulomatous lesion of the pars anterior of llio pituitary gland in a 
series of 2000 post-mortems. The glands, of normal size and naked-eyo 
appearance, ^vc^o patchily infiltrated with collections of lymphocytes 
and foci of epithelioid colls and multinuoloated giant-cells of Langhans* 
typo. No acid-fast bacilli were demonstrated. Tlio giant-cells were 
numerous and sometimes appeared singl}^ lying amid liealthy paren¬ 
chymatous cells. A few foci showed fibrous regressive cliangos. The 
ages and causes of death of these patients were G3 (strangulatod 
hernia), 73 (arteriosclerosis and cerebral softening), G1 (myocardial 
degeneration and cerebral softening) and GO (myelitis and pyelo¬ 
nephritis). All wore females whoso organs showed no evidence of 
active syphilis or tuberculosis. In discussing the setiology, Simmonds 
ridod out syphilis because of the absence of acquired or congenital 
specific lesions olsowhoro, the absence of endarteritis in the pituitary 
and of inflammatoiy" cells around the isolated giant-cells, and the 
atjqncal histology. Ho found it more difficult to dismiss tuberculosis 
and admitted that the absence of acid-fast bacilli was not necessarily 
significant. Although some of the cellular collections closely resembled 
miliary tubercles ho thought most of the picture so atj’pical as definitely 
to rule out tuberculosis. Some of the giant-cells appeared to Jiavo 
arisen directly from pituitar 3 ^ parenchymatous colls. Ho concluded 
that his cases wore examples of a disease sui generis^ possibly resulting 
from the chronic irritation of altered pituitarj^ secretions comparable 
with the analogous changes sometimes seen in the thyroid gland in 
elderly females. 

In an exhaustive review of the literature on destructive lesions 
of the pituitary found post mortem, Sheehan and Summers (1949) 
grouped 18 cases, including Simmonds's four cases, under the heading 
of “giant cell granuloma'’. These case reports form a remarkable 
collection, ^>Iany of them are difficult to interpret and wo do not 
propose to analyse thorn here. Wo agree nrth Sheehan and Summers’s 
j. path. »act.— voi. linn 60 U o 
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several cMerent causes, such as sj^liiHs, tuberculosis, or sarcoidosis, 
but most of the ca-ses appear to be examples of a specific disease 
etiology is unknoivn Oelbaum and Wainwight 
(1950) have recently described a further case and have come to simfiar 
conclusions. 


Sheehan and Summers also separated from a very large series of 
chronic fibroid lesions five severe and four moderately severe cases 
of pituitary scarring which they considered to be examples of healed 
granuloma of the anterior lobe. Two of the moderate lesions were 
their own cases and are described in detail. 

Eaeh of the present authors chanced upon an example of giant-cell 
^anuloma of the pituitary in the subacute stage, and, haidng 
independently consulted Professor Sheehan, were encouraged by him 
to place them on record. Though our findings probably further 
obscure the aetiology, we are impressed by their morphological identity 
with Simmonds’s original four cases. 


Case I 

Clinical history 

iVIrs A. C. first came to Hammersmith Hospital in 1936 at the age of 40^ 
complaining of tiredness for two years and attacics of pain in the cliest for 
two weeks. She had worked at tailoring from age 14, married at 26 and had 
had two normal pregnancies at 27 and 30 years of age. Her periods, which 
started at 14, were irregular, and often profuse. At 30 she complained of swelling' 
at the root of the neck, with cough and huskiness, and was recommended to 
take iodine in milk and to rest for 8 weelcs. The symptoms resolved and her 
general health remained good for the next eight years, when at the age of 38 
her menstrual periods ceased abruptly and she began to feel increasingly weak, 
tired and shaky, and suffered from headaches. During the previous two weeks 
she had had attacks of pain in the upper left chest lasting 10 minutes and 
associated with difficulty in breathing and a desire to take a deep hreath» On. 
examination she appeared moderately welhnoxirished, weighing 8 st. 1 lb.,, 
and fairly calm; pulse 80, blood pressure 130/85. The thyroid gland was 
moderately enlarged, firm and nodular. Urine ;—albumin, no sugar. Dlood 
count:—Hb. 12*9 g. per 100 c.c., R.B.C. 5,300,000, W.B.C. 4000, polymorphs 
1200, ]ymphoc3des 2720, large mononuclears 80 per c.mm. Cliest X-ray:— 
Trachea not compressed, calcified node in right upper zone, no definite evidence 
of substemal thyroid. Gynjccological examination:—Senilo post-menopausal 
uterus. Her symptoms were considered to bo due chiefly to home worries ; 
she was reassured and given a bromide mixture. 

She came to hospital again two years later, in 1938, complaining of “ very 
bad nerves and Joss of weight. Examination showed weight 7 st. 9 lb., but 
othenvise no change in her condition. She was sent on to a psychiatrist who 
considered that she was suffering from a clrronio mild depressive condition, 
that the sudden menopause had acted both physicaUy and psychologically in 
increasing her anxiety and depression and that the uterine changes and general 
appearance suggested premature ageing, both mental and physical. 

She was finally admitted to Hammersmith Hospital in 1939 in coma, having 
been found unconscious in bed at 6 a.m. that morning. She had been feeling 
off colour the day before. Her arms were in rigid flexion and she made occasional 
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jerkj moxcments of tho wrwts and fingers llio logs wore in rigid extension 
Arm, leg and abdominal reflexes noro absent, plantar responses wero extensor 
The iirino contained ncotoiio but no sugar Blood pressure 130 systolic, diastolic 
wmlctormmnblo L\imbar puncturo produco<l clear fluid at 90 mm pressure, 
rising to ICOd- on jugular compression and dropping to 50 mm after withdrawal 
of 10 c c llio generalised rigidity ga\ o wnj to flacoulitj and she died "A hours 
After admission, ha\ mg been in coma for not less than 8 nor more than 10 hours 

Post viortcin cxamniaiwn 

This was done 3 dajs after death bj tho late Di T H Bolt, t^ho 
reported as follows 

A pale, thin woman with rather sunken oi;es, weighing G st 0 Ib 
Height 5 ft 4 in 

Tlio hrain had boon liarcloncd in situ b^^ fonnol injection tho day 
bofoio tho postmortem Tho dura was lathci tense and tho con 
\olutions wore flattened, but tho lioniisphoros wore symmetrical and 
there w as no ondonco of JircmoiTliago Tlio brain stem w as soft and 
tore on sliglit manipulation Section across tho mid-brain showed 
softening in tho region of tho substantia nigra on both sides and m 
tho cerebral peduncles Tho cerebral arteries w ere not notably thickened 
and no occlusion could bo made out Tho pilmtary was of noimal 
size, the thyroid nodular and moderately' enlarged TJio appearance 
on section was that of multiple fcotal adenomata with cnlcifiod centres, 
one of these was of walnut size Tho abdominal aorta showed slight 
roughening around tho mouths of the intercostal ^ essols, wuth deposits 
of pale pink staining (? platelet) material which could bo scraped 
away Tho Inngs had a slight meaty' quality in tho lower lobes but 
no definite pneumonia or pleurisy' Oasiro tnieshnal tract showed no 
notable cliange Liter (1210 g) pink and friable Njylcen (200 g) 
capsule slightly adherent to diaphragm and showing button like 
plaques of whitish thickening, pulp fairly firm , corpuscles incon> 
spicuous The flc?rcna?5 wore small and thin, the cortex being only 
about 1 mm thick The heart (290 g), lidneys^ ureters^ pancreas^ 
bladder^ nterus and teriebrcc showed notlimg remarkable Ovanes 
small, wlute and tough 

Histology 

There were available for study at this date paraffin blocks and 
slides of various organs and a limited number of stained sections, 
including frozen sections stained for fat, but no paraffin blocks, of 
tho pituitary or adrenals 

Pituitary^ of normal size, shows on horizontal section a crescentic 
pars antonor abnttmg on the pars nervosa, but enclosed m a thickened 
nodular capsule There is complete disorganisation of the pars anterior 
(fis "whose normal alveolar pattern is replaced by loosely arranged 
degenerate pituitary colls, numerous macrophages and widely dis 
tnbuted multinucleated giant cells, scattered clumps and tubules of 
small acidophil pituitary cells, scattered eosmophil and neutrophil 
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polymorphs, lymphocytes and occasional plasma cells', and a few 
coUections of lymphoc 3 rtes (fig. 8). The vessels are normal. The 
tubules are small and foetal-like; acidophils are distributed mainly 
in the lateral masses. The cells wliich make up the background of 
the whole of the pars anterior varj'- in appearance. Some apparent 
lymphocytes show, in Mallory-stained preparations, gradations to 
recognisable chromophobes and smaU acidophils. There are also 
occasional normal-sized acidophils. The majority of the cells are 
finely granular, finely vacuolated mononuclears, many of whose nuclei 
are of the elongated twisted vesicular type seen in epithelioid cells 
(fig. 2). They show a fine granularity with Mallory’s stain, sometimes 
acidophil, mostly basophil. They show every transition to giant-ceDs 
containing two or more nuclei and are considered to be mostly macro¬ 
phages. The giant-cells are striking (figs. 3-5). Thej’' vary in size 
from about 20 to 100 /x in diameter and show from 2 to over CO nuclei 
in section. Their nuclei, mostlj?^ vesicular, are peripherally distributed 
but some may form a central as well as a peripheral ring (fig. 4). 
Most of the giant-cells have finely granular cytoplasm, sometimes 
acidophil, mostly basophil. Some contain cytoplasmic inclusions, 
which are of two types, namely fragments of yellowish, brilliantly 
anisotropic material (fig. 5), and flaky hasmatoxj^phil isotropic material 
resembling inspissated colloid and contained within large vacuoles 
(fig. 3). Frozen sections show a little fine fatty material, both in 
the macrophages and in the giant-cells. Though the macrophages 
are in general distributed haphazard, they show a tendency to be 
arranged in large follicles in the peripherj’’ of the pars anterior (fig. 6). 
The capsule of the pituitarj’’ contains definite circumscribed foUicles 
of epithehoid-like cells both with and vuthout giant-cells. Some of 
the capsular foUicles are oval rather than round and are markedly 
hyalinised. Silver impregnation shows an abnormaUj”^ broken-up 
reticular pattern in the pars anterior (fig. 7), with a sUght increase 
in number of fibrils, which are thickened and coUagenised in the 
periphery’’ of the gland. The lymphocytic collections lie in the median 
part of the pars anterior (fig. 8). The eosinophil leucocytes, mostly’ 
bilobed, are scattered in moderate numbers tlrroughout. The general 
structure of the pars nervosa appears normal but it contains a few 
small paravascular coUections of macrophages, one of them associated 
with a giant-ceU. There is quite a large pericapsular coUection of 
macrophages and giant-ceUs over the pars nervosa, possibly replacing 
remnants of the pars tuberalis. The pars intermedia cannot be 
identified (fig. 8) and there are no cysts. The site of the pars inter¬ 
media is occupied by’ macrophages, giant-ceUs and chromophobes 
continuous with the anterior lobe lesion. No acid-fast bacilli are seen. 

Adrenals. The cortex is reduced to a travesty, being about one- 
fifth of the normal width and consisting of small alveoli and strands 
of cortical ceUs rich in lipoid ; pigmented cells of the zona reticularis 
are absent (fig. 9). This zone is separated by condensed reticuhn 
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Giant*ci:ll ouvnulo'ia of rrraiTAnY 



Fio. 1.—Part nntcrjor of pittntftrj' of cft*?o 1. Tubules find trabcculne of darkly staining 
small factnl-hko pituitary cctla bo m a disorganiswl bnckgrouml of mncropbages, 
IjTnpiiocytcs and mnltinuctcnled giant-cells. Hrcmnlum and cosin. XOO. 



Fio. 2.—High-power mow of fig. 1. Tho background colls aro mononuclears with 
abundant cytoplasm, shoumg apparent transitions betu eon pituitarj" cells «nd 
macrophages. x380. 
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Gm-r crix oiu^utosiA or riroiTAitY 



Pia 3 —Pnrfl nn tort or of cn*;o 
I Toroign botly miilti* 
nuclontcd giniU coll con* 
turning \ ucuolc^t nml flnky 
ln?mtitoxj phihc inolusionB 
ir. nnd }: >180 
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GL<\.>rC-ClXl4 OKAVUIOMA Ol I-lTUITAnV 



Fio G —Para anterior of caeo I PcriphcraHy pitimtod follicle of apparent macrophages 
and giant cells, the latter containing inclusion bodies and vacuoles. IL and E. 
X 100. 



Fio 7.—^Pnrs anterior of case 1. Reticulin preparation. Granulomatous area rich 
in giant ceils shou mg nn irregular mcroaso m rcticulin fibres but none of tho 
follicular arrangement typical of tuberculosis, sj'philis or sarcoid. Gordon and 
Sweet’s ret 1 culm stain. X180 
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from an expanded spongy “ medulla traversed by a normal central 
vein and its radicles. There are no recognisable medullar}^ colls but 
some of the veins are cufTod by a narrow rim of lipoid-containing 
cortical colls. The medulla is expanded and replaced by macrophages, 
multinuclcatod giant-cells and lymidmcytes (fig. 9). The macrophages 
and giant-cells are sometimes arranged in follicles, which arc also 
present scattered in the cortex, capsule and peri-capsular tissue. 
The lymphocytes lie both diffusely scattered and in small collections. 
The picture is almost identical with that soon in the pituitary ; some 
giant-cells contain anisotropic inclusions, but the flaky hrematoxyphil 
inclusions are not seen. RcticuUn fibres in the medulla are increased 
and in parts coUagonised. No acid-fast bacilli are scon. 

Thyroid, The gland is broken up into “ adenomata ” of varying 
morpholog}^, botweon which lie small and medium-sized normal thyroid 
follicles lined by cuboidal epithelium, some rich, others poor in colloid. 
They appear moderately active rather than resting or atrophic. The 
adenomata are mostly made up of largo colloid-fdlod follicles lined by 
cuboidal opithcUum. Some of thorn aro partially fibrosed and calcified, 
some show areas of a microfollicular pattern poor in colloid. There 
is moderate interstitial fibrosis but no lymphoGj-tic infiltration. 

Ovary. This is fibrotic and rich in ancient fibrosed and hyalinised 
corpora lutea. The peripheral stroma still contains a fair number of 
primordial follicles, none of which, however, shows any sign of ripening. 

Uterus. The myometrium is atrophic and fibrous, the endometrium 
thin and made up of slightly dilated glands lined by non-active cuboidal 
and low-columnar opitbolium, lying in a stroma of small, densely 
packed hyporchromatic spindle colls. 

Breast. This is made up of coarse fibrous tissue traversed by a 
reduced number of duct systems which consist of narrow branching 
tubules lined by flattened epithelium and contain oosinophilic colloid 
material. The picture is one of partial mammary atroph^^ and fibrosis. 

Pancreas (2 blocks). Islets aro prominent, both in size and in 
number. Liver shows a slight excess of fibrous tissue and lymphocytic 
infiltration in the portal tracts. Heart and kidneys show no obvious 
pathological changes. Mediastinal lymph-nodes show intense congestion 
and moderate sinus reticulum-cell hj’porplasia. 

Spleen. The pulp contains one miliary nodule of fused epithelioid 
cells embedded in a dense roticulin network clustered around central 
hyalinised collagen, a lesion mdistinguishablo from a healing miliary 
tubercle. No acid-fast bacilli aro present and no giant-cells. 

Lungs. Sections show congestion and oedema, with foci of early 
hremorrhagic bronchopneumonia. The terminal bronchioles and 
alveoli in the affected areas aro filled with moderate numbers of 
polymorphs, fibrin and masses of red colls. 

Aorta (2 blocks). The intima shows patchy thickening by pro¬ 
liferated mucoid connective tissue, the significance of which is not 
understood. The media is normal. 
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Brain (5 blocks) and upper cervical spinal cord. No gross patlio- 
logical changes seen ; no e\adence of softening. 

Dismission of case 1 

The above post-mortem findings throw no direct light upon the 
cause of the terminal coma. Cerebral thrombosis is ruled out in 
view of the normal non-occluded arteries in the brain and normal 
brain sections. An easily missed lesion of a small branch artery 
would have been unlikelj^^ to precipitate a deep and fatal coma. The 
gross disorganisation of the pituitary and adrenals points to an attack 
of hypoglj^c^mia as a possible basis for the coma, the attack perhaps 
brought on bj’^ a respiratory infection on the previous day, when the 
patient was “off colour.’’ The bronchopneumonia lesion favours 
this hj^othesis but does not prove it, since a deep coma of 16 hours 
might conceivably have provided sufficient time for the lung lesion 
to develop. The earlier phases of the coma were missed ; we do not 
know if it was ushered in with convulsions. The rigidity, the extensor 
plantar responses and the fact that the diastolic blood pressure was 
unobtainable on admission when the patient was in extremis favour 
a hj^DOglycsemic origin and accord well with Sheehan and Summers's 
description. 

The patient’s symptoms fall into two categories, one referable to 
the thyroid enlargement, the other to the pituitary and adrenal failure. 
The symptoms of husldness and cough at age 30 and of attacks of 
pain and difficulty in breathing at age 40, together with the clinical 
presence of a nodular goitre, correlate well with the 'post-mortem 
finding of an adenomatous thyroid with one walnut-sized nodule 
projecting downwards from the left lobe. The gland would appear 
to have shrunk somewhat during the 2 years before death. Tlie 
sjnnptoms described were probably due to pressure and there was no 
e\ddence of thyrotoxicit3’'. The abrupt menopause at 38 followed by 
asthenia, shakiness and headaches, points to the pituitarj^ lesion 
being of at least 5 j^^ears’ standing. The premature ageing and the 
senile atrophied uterus fill in the hypopituitarj^ picture. The presence of 
a number of surviving unripe follicles in the ovary farther confirms 
the h 3 ’popituitar 3 ^ origin and prematurity of the menopause, since 
the ovarj^ 5 j^ears after a spontaneous menopause should be bereft 
of ova. The adrenal cortical atrophj^ found at aiitopsj^ is typical 
of long-standing hypopituitarism, the degree of which, however, is 
not eas}^ to assess. The sections available show an 80-00 per cent, 
loss of cells of the pars anterior. The great uterine atrophy points to 
total loss of pituitary gonadotropic function, while the degree of 
thyroid survival suggests a non-total loss of pituitary^ function. The 
progressive loss of weight from 8 st, 1 lb. in 193G to 6 st. 9 lb. in 1939 
favours a progressive loss of pituitary’' function during that time. 

The interpretation of the finding of a possible scarred miliary^' 
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GlA\”r-Cl‘LL ORA.SULOMA Or I’lTOtTAUY 



Fio. 10.—p«r<t nntonor of pitiiitnry of cnso 2. Two miiltinucloflto<l Riant-colls nro 
lying in difTuPO grnnultition tissue contmning n fow pituitnrj' cells. H. nml E. 
XGOO. 



Fio. II. —Pars anterior of pituitnry of ease 2. 
A largo multmuclentcd foreign-body gmnt- 
coll with a Inrgo hajmatos^TjluUc inclusion 
occupies most of the field. At ono end of 
the inclusion there is a transparent, lamin¬ 
ated yellowish brown structure. H. and E. 
X900. 


C - T 



Fio. 12.—^Tho same as fig. 11, photographed 
through partially crossed Nicol prisms. The 
amsotropic material corresponds to the 
laminated transparent structure seen in 
fig. 11. 
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tiiborcio in tho silicon Is diflicnlt. Ono cannot gauge ila significance 
in rolftiion to tho pituitniy and adrenal lesions, wliicli 'vvoro liistologically 
almost certainly non-tuberculous. Ulie splenic tubercle may be 
simply evidence that the patient was debilitated and had suffered a 
recent lighting up of an old tuberculous infection—a not unusual 
post-mortem finding in tho lungs and modiasLinal hmiph-nodes. The 
nature of tho ginnt-coll granuloma is discussed later in conjunction 
with tho findings in case 2. 

Case II 

Clinical history 

Mr F. K., agod CO years, a retired policeman, admitted to Guy’s Hospital 
on 17th July 1949 for increasing broathlossnoss on exertion and increasing 
lafisitudo during the past year. From time to time lie Iiad had pains in tho 
arms, shoulders, lumbar regions and right thigh and luieo. Ho said Iio had 
lost about 3 stones in %voight in tho last two or three years and Ins appetite 
was poor. 

Previous complaints included diphtheria at ago 32, BcarJet fever at ago 40 
and» in recent years, a \rintor bronchitis for which ho had been discharged from 
tho police force at ago 58. Ho Iiad ecrvofl in Franco in tho 1914*18 war and 
in tho Port of London Authority I'olico from 1919 to 1947. There was no 
relevant family historj\ 

During tho nine months before ndmiasion lie had attended Guy’s Hospital 
oiit.patient department on several occasions, w’hen ho was found to havo 
hjTKjrtcnsion (about 180/130) and occasional slight codoma of tho ankles. His 
E.C.G. show'ocl a loft bundle branch block, his chest X-ray a hypertrophied 
left ventricle wdth prominent aorta. The orjdlu-ocyto sodimontation rate ^vas 
2G mm. in tho first hour ; liiemoglobin 70 per cent. 

Shortly before admission ho became breathless wdiilo at rest and his heart 
began fibrillating. On admission liis tomporaturo w^as 90*5® F., pulso 90 and 
respirations 28 per minute. There was slight oedema of tlio ankles and tho heart 
sounds w'cre faint end irregular. Xo v'oins wore visible in tlio nock w4icn ho sat 
up. B.P. 155/95. In tho lungs there were moist sounds at both bases posteriorly 
but no dullness. There was no finger clubbing, Tho liver w^as four fingers’ 
breadth below tho costal margin. Movement of tho right hip was limited in 
all directions by pam and thoro were crepitations in tho right knoo. 

He improved with rest in bod and digoxin. Tho pulso fell to 00, tho B,P. 
to 130/85, tho liver bocamo only just palpable and the anklo cedema disappeared. 
On 2Gth July 1949, while washing, ho suddenly collapsed and died immediately, 

Post’mori^yn examination 

A well-built obese subject wdth slight cedema of tho ankles. 

The 'pericardial sae contained a little blood-tingocl fluid. The 
heart (500 g.) was largo and globular and the left ventricle hyper¬ 
trophied. There were signs of old scarring in tho muscle. All valves 
showed sbght atheroma. The left coronary artery was at least three- 
quarters occluded proximally by old calcified and laminated atheroma, 
while its anterior descending branch was completely blocked by recent 
thrombus. The right coronary artery was at least half occluded by 
calcified atheroma. The aorta was markedly atheromatous, 
particularly tho distal part of its abdominal portion. 
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The main broncJd contained an excess of tenacious mucus. Both 
kings (t. 640 g„ 1. 510 g.) showed marked congestion and slight oedema. 

The stomach contained a small quantity of xmdigested food. The 
■mesenteries and peritoneum were heavily loaded mth fat. The liver 
■(1890 g.) was large but otherwise normal. Bone marrow of sternum 
normal. Both kidneys (r. 130 g., 1. 150 g.) were congested and the cut 
surfaces were more granular than normal. There were a few petechial 
haemorrhages in the pelvic mucosa. 

■A.drenals, thyroid and pituitary gland appeared normal. 

^ Brain 1410 g. The basilar artery and the arteries of the circle of 
T^^ilhs showed marked atheroma but there were no abnormalities of 
brain or meninges. 


Histology 

Pituitary. On vertical sagittal section, the gland is of approxi¬ 
mately normal size and shape. The capsule is thickened by old fibrous 
tissue and in several places infiltrated vnth lymphocytes : in one 
section it contains granulation tissue. The pars anterior occupies 
approximately 7/8ths of the section. Its normal structure is every¬ 
where largely replaced by granulation tissue elements (fig. 10)— 
lymphocytes, macrophages, giant-cells, fibroblasts (young and old), 
fibrous tissue and a few eosinophil leucocytes. These elements 
intermingle ndth and separate the proper cells of the pituitaiy— 
chromophobe, eosinophil and basopliil cells—approximately 30 per 
cent, of which remain. Lymphocytes are most numerous. They 
are either diffusely scattered or aggregated in dense, roughly circular 
collections. Macrophages are similarly distributed but in smaller 
numbers. Giant-cells occur singly and in considerable numbers. 
All are of Langhans’ t^rpe and contain from 6 to 27 peripherally 
situated nuclei, comparable in size with those of the macrophage cells, 
or much smaller, pyknotic and flattened. Their cjdioplasm is pale, 
finely granular and eosinophilic, but more darkly staining around 
the nuclei. The cytoplasm of some of the giant-cells contains a 
yellowish substance which is doubly refractile (figs. 11 and 12), and 
in one there is a laminated, deeply blue-black calcium-like concretion 
(fi». 11). Occasionally it is difficult to distinguish a giant-cell from 
an alveolus (Erdheim gland). Usually these glands are distinguished 
by the homogeneous nature, even under X 950, of their centra) colloid 
and well-defined cell walls. Even so, a doubt sometimes remams 
that a giant-cell structure ma}^ have been a degenerate Erdlieim 

gland. _ 1 , -.1 

The pars nervosa contains several collections of lymphocytes, with 

a few macrophages but no giant-cells. The pars intermedia cannot 
be made out and there are no colloid cysts lisiblo. The stalk possesses 
twelve large thin-walled blood vessels, mainly on the surface. One 
small collection of lymphocjdes is seen. There is also a small thick- 
walled arteriole 30 y in diameter on the surface of the stalk, sureounded 
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Fio. 13.—Anlorior doscpntlinp brnnch of llvo left coronnrj’ nrtery of enso 2. The 
lumen is occlmlctl uml tho media replaced by highly cellular prnnulation tissue 
manj* times the thickness of tho nonnal structure. II. nud E, x ir». 



Fig. 14. A highcr-power view of tho artorj* 8ho\vn in fig. 13. H. and E. x40. 
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by a circular area of gramilntion tissue 130 ^ in diameter. This 
consists mainly of macrophages and (fewer) ljunphocytos. The media 
and intima of the artery arc normal. Where the stalk joins the body 
of the pituitary there are several small nests of epidermoid cells. 

Coronary arteries. The lumen of a largo branch of the descending 
branch of the loft coronary is occluded by recent clot laid down on 
an older clot M'hich shows some organisation (figs. 13 and 14). External 
to this there is nn irregular band of atheroma containing lipoid spaces 
and calcified foci—average thickness 0*5 mm. Outside this again, 
instead of media, there is a band of granulation tissue—average 
thickness 2 mm., composed mainly of macrophage cells, fibroblasts 
and eosinophils, with a few lymphocytes, plasma colls and neutrophil 
polymorphs. Elastic staining shows that the internal elastic lamella 
is grossly fragmented. Tiio external clastic lainclla is represented 
only by occasional fragments of olastica. Outside this there is a 
rather indefinite layer of fibroblasts and collagen fibres surrounded 
by more granulation tissue but with a predominance of lymphocytes. 
This inflammatory process spreads into the adjacent adipose tissue 
(figs. 11 and 12). A small portion of attached heart muscle is largely 
necrotic. The right coronarj’ arter^^ shows similar changes but part 
of the vessel wall has broken doum and the space is filled with recent 
blood clot. 

Liver. The sinusoids are congested and there is a slight increase 
in the number of periportal lymphocytes. There are a few poorly 
formed giant-cells with 5-11 poriphoral nuclei in the portal tracts. 

Spleen. This organ is congested and there is a severe degree of 
rather irregular hj^alinisation of its arterioles. 

Adrenals. An arterj^ external to an adrenal shows recent thrombosis 
and three others an eccentric narrowing by eosinophilic material, 
which also replaces the media. This does not stain for amyloid. The 
gland itself is congested. 

Kidneys. These are much congested. A few glomeruli are atrophic 
and fibrosed. Several of the larger arteries show moderate concentric 
intimal thickening. 

Conclusion. The caiiso of death in this case was coronary 
thrombosis. During life there were no definite signs or symptoms of 
hypopituitarism. Symptoms such as tiredness and loss of appetite 
could ho related to the increasing heart failure. 


Discussion 

Deductions as to the nature of the pituitary lesions in these two 
cases vary according to whether wo analyse the pituitary findings 
alone, or try to fit them in M’ith the additional findings in the adrenals 
and spleen in case 1 and in the coronary arteries and liver in case 2. 
Sheehan and Summers wore struck by the appearance of a tempting 
series of stops between the granuloma colls and scattered pituitary 
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parenchyma cells, a comment also made in earUer descriptions. 
We could not be certain that the granuloma cells were true histiocytes 
and we agree that the picture may represent a primary unexplained 
breakdown of the pars anterior. But this hypothesis is not easy to 
reconcile with the presence of the additional discrete granulomas in 
the pars nervosa and capsule of case I and in the stalk in case 2. 
However, it is conceivable that these might represent a reaction to 
products of destruction diflFusing out from the pars anterior. 

The peculiar inclusion bodies must be interpreted TOth care. 
The anisotropic and haematoxyphihc materials might be products of 
disintegrated pituitary cells. On the other hand, the latter certainly 
resemble the basophilic giant-cell inclusions described by Schaumaim 
(1941) in the tonsils and Ijnnph-nodes in sarcoidosis, and Tillgren 
(1935) illustrates similar bodies in the pars nervosa from a case of 
diabetes insipidus due to sarcoidosis. The sarcoid hypothesis is not 
borne out by the results of reticulin impregnation in our cases. The 
major part of the lesion fails to show the closely-knit network of 
reticulin fibres arranged around clear-cut follicles topical of sarcoidosis. 
In addition, basopliihc giant-cell inclusion bodies have been found by 
Schaumann in many different types of granuloma. Recentty fresh 
light has been th^o^vn on the non-specific nature of these basophilic 
inclusions by Grier et aL (1948), who observed them in the lesions of 
beryllium granulomatosis. 

The adrenal lesion in case 1 is most striking and has only once 
before been described in this association (Oelbaum and Wainwright). 
It might be of similar hypothetical ‘‘ infective ” origin to the pituitary 
lesion, but it is hard to see why these two organs and no others should 
have been the seat of election for this major lesion. It might represent 
a hypothetical coincidental primary “ breakdo^vn ” of these two endo¬ 
crine organs. It is more reasonable to suppose that the adrenal 
atrophy resulted secondarily from an absence of supply of adreno¬ 
corticotropic hormone by the necrosed pituitary. The picture differs 
chiefly in its wealth of giant-cells from the classical adrenal atrophy 
of Simmonds’s disease and Addison’s disease. Vines (1949) illustrates 
similar giant cells in a case of primary adrenal atrophy and one of 
Oelbaum and Wain^v^ight’s cases also shows these adrenal changes. 
The tiny splenic collection of epithelioid cells, rich in enfolding 
reticulin fibres and devoid of the inclusion bodies seen in case 1, shows 
little affinity to the above lesions. 

The granulomatous coronary arteritis in case 2 does not appear 
to be connected, histologically or setiologioally, with the pituitary 
lesion, but a search for a possible arteritis in the pituitary region 
showed a small granulomatous focus surrounding an arteriole in the 
stalk. The pituitary lesion, however, is unlikely to be ischaemic in 
origin for apart from the patency of the vessels in all sections examined, 
the picture is totaUy different from that seen in any stage of the now 
well-known ischaemic necrosis described by Sheehan. An astiological 
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connection cannot bo disproved. The finding of the mimito 
opitholioid-coll collection in tho liver of case 2; ospecinlly when 
added to the splenic collection in case 1, is disturbing. Presumably' 
these findings in random sections represent a vide distribution in tho 
liver and spleen respectively. Unexpected miliary tubercles *’ in 
these organs are an occasional post-mortem finding but their appear¬ 
ance differs so greatly from tho pituitary and adrenal lesions that wo 
are unwilling to bo forced by their presence into a positive diagnosis 
of atypical sy'philis, tuberculosis or sarcoidosis of tho pituitaiy gland. 

Our findings and discussion linvo led to no positive conclusion as 
to tho (etiology of pituitary giant-cell granuloma. Like previous 
observers wo are tempted to interpret tho liistology in favour of a 
pi'iinary paroncliymatous necz’osis of tho anterior of tho pituitary 
rather than a destructive infiltration by an infective granuloma, but 
wo are hold back from full confidence in this interpretation by tlie 
finding of granulomatous lesions, admittedly differing in detailed 
morphology, in other parts of tho body, 

SuacRrAHV 

1. Two cases of giant-cell granuloma of tho anterior pituitary are 
described in detail. 

2. Widespread granulomatous lesions wore found in other organs 
in both cases. 

3. No conclusion was reached as to retiology'. Although tuber¬ 
culosis, syphilis and sarcoid wore all considered, none could bo either 
accepted or rejected. 

W© wish to tlmnk Jlr E. V. Wilmot for tho photomicrogrnphs of enso 1, 
and Mr R. S. Morgan for tho photomicrograplis and Mr J, F. C. Willder for tho 
Boctiona in coso 2. 
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(>^5 • 9 • 547 • 5^4 • 3 (p-nitrophenyl diethyl thiophosphate) 

POISONING BY P-NITROPHENYL DIETHYL THIO¬ 
PHOSPHATE (E.605); A CONTRIBUTION TO THE 
STUDY OF ANTICHOLINESTERASE COJIPOUNDS 

F. A DF^z 

Medical Ilcscardi Council Unit for Bc^careJi m Toxicology^ Serum Research 
Institute, Woodmansteme Road, Carshalion, Surrey 

(Pistes X and XI) 

Tins paper describes the pathological changes in rats poisoned by B 605 
(p nitrophonyl diethyl tliiophosphato) The sjTionym, Parathion, 
%ndely used in the United States, has the disadvantages of being a 
trade name and of lacking complete specificity. The identification 
number, E 605, 'ivas used by Schrader (1947), who first prepared tins 
compound, and is the symbol by which it is hnou n m this country. 

E 005 IS charactensod by its power to inlubit cholinesterase 
(DuBois et al , 1949), and a number of related compounds share this 
property One of those, dusopropyl fluorophosphonate (I) P P.), has 
been extensively used m physiological research and two others, 
tetraethyl pjTophosphate (T E P P ) and hexaetl^d totrpphosphate 
(H E T P ), have boon tried therapeutically in man for the treatment 
of post operative paralytic ileus and myasthenia gravis E 605 is 
a relatively stable and highly potent insecticide, particularly effective 
against apluds, and its increasing use in agriculture has shoum the 
need for further information on its maramahan toxicity. 

^Methods 

More than 160 adult male and female albmo rate (vt 150 200 g ) of mixed 
origin were used E 605 uas dissolved in ethyl alcohol, ethyl lactate, propylene 
glycol or arachis oil before mjection A micrometer sjTmge vias used and tho 
8120 of tho inoculum never exceeded 0 2 c c The toxicity of E G05 vanes with 
different samples, the LE 60 rangmg from 10 to 15 mg per kilo This 
inconsistency can be attributed at least m part to the vorymg proportions of 
stereo isomers of differmg toxicity in the samples Subcutaneous, mtra\enoU 3 
and mtraperitoneal routes were used for injection Prolonged poisoning was 
induced by repeated injections of E 005, usmg the clmical state of the animal 
as a guide to dose and frequency of mjection The usual procedure was to give 
a dose of one half the LE 50 dose and subsequently to inject one tenth the 
LE 50 dose whenever symptoms disappeared Prolonged poisonmg was also 
mduced by incorporatmg E 605 m the diet 

Tissues taken at post mortem tv ere fixed m a \arjety of fixatives depending 
on the histological method to be employed Heidenhain’s Susa was tho routme 
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fixative, but Helly’s and Camoy‘s fluids and formobsaline were also used 
Tis^es were paraffin-embedded. Ehrlich’s acid-h^matoxylin and eosin was 
, used as a routine stain and was the only method used for limg, striated muscle, 
heart muscle, thyroid, adrenal, pituitary, ovary and testis. For other tissues 
additional stainmg methods were employed. The salivary and lachrymal glands, 
pancreas and other organs of the digestive system were fixed in Susa or Helly’s 
fluid and stained by toluidin blue, Lillie’s modification of Giemsa, Heidenhain’s 
azan, Mayer’s mucicarmine, McManus’s periodic acid leucofuchsin technique 
and a combination of Weigerts’s iron hsematoxylin, Altmann’s acid-fuchsin 
and aurantia. Bowie’s modification of Bensley’s neutral gentian method was 
used to examine the islet tissue of the pancreas. Lymphoid tissue was stained 
by Lillie s modification of Giemsa, Heidenhain’s azan was used for the kidney, 
and the liver was stained with toluidin blue and Best’s carmine. In the 
examination of the Harderian gland, frozen sections were cut after formol-salitie 
fixation and gelatin embedding. These were stained for fat with Sudan IV, 
The brain and spinal cord were fixed in Camoy’s fluid. Special precautions 
are necessary to obtain adequate fixation of the spinal cord in rats. After 
several trials the following procedure was adopted. Immediately after death 
the spinal column was opened in the cervical and lumbar regions and Camoy’s 
fluid was injected through the cervical opening until the fixative ran out un- 
coloimed from the lumbar opening. At least 30 c.c. of fixative were used. 
The whole bony column with the cord in situ was dissected free from the 
musculature and immersed for one hour in Camoy’s fluid. The liardened cord 
was then dissected free from the vertebral column and placed in fresh Camoy 
for a further five hours. If these precautions are not observed, cliromatolysis 
and oedema of the anterior horn cells are commonly foimd in both experimental 
and control animals. 


Experbuental observations 

SymptoTYis 

Within a few minutes of the subcutaneous injection of a lethal 
dose of E.605 the demeanour of the animals is changed. They sit 
quietly, hunched up, ruffied and apprehensive. Salivation commences 
and is evidenced by repeated swallowing and by grooming of the 
whiskers. The condition progresses and the animals are prostrated. 
After ten minutes the rat lies full length on its belly with extended 
head and flexed hmbs. Fine fibrillary twitchings give the rat’s coat 
a peculiar shimmering effect. Occasional coarse tremors interrupt 
the twitchings and shake the animal violently from side to side for 
a few seconds before it subsides again on to the floor of the cage. 
Chattering of the teeth is clearly audible. Salivation is excessive, and 
unswallowed mucinous saliva surrounds the mouth and nose. Lachry- 
mation, exophthalmos, mucous diarrhoea and the frequent passage 
of small amounts of urine are other symptoms that develop vdthin 
ten minutes of the injection of E.605. Respiration is embarrassed 
and noisy and the animal may extend its neck and forelimbs in a 
jerky manner in forced respiration. Death is usuafly sudden and is 
preceded by severe coarse tremors. Death may occur at any time 
from a few minutes to several hours after the injection. If the ammal 
survives, the symptoms slowly decrease in severity and after a few 
hours there is complete recovery. Although apparently normal it 
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is now, howovor, highly suscoptiblo to E.G05, and a very small doso, 
which would ho without ofToct on a frosli niiimal, will provoke sovoro 
symptoms and oven death. 

By giving a series of injections or by adding E.G05 to the diet 
the rat may ho rendered chronically ill, with symptoms wliich include 
tremors, diarrhoea and salivation for periods up to several weeks. If 
the symptoms are prolonged heyond a few hours the condition of 
chromodacryorrhoca—the shedding of pink tears—is a constant 
feature. Those dry and encrust around the protruding 03^03 or fall 
on the coats of the cage mates, which then take on a brownish-red 
tinge. Those more prolonged s^^mptoms do not prevent the animal 
from eating and moving about its cage. 


Fo5i‘7nor/cm fmdings 

In acute poisoning twitching of both muscles and limbs continues 
up to 30 minutes after death. Higor mortis is slow in onset. The 
liair around the mouth and nose is matted with mucus and often 
red cnists line the oj^elids. The trachea contains a slight excess of 
mucus; the lungs are expanded and hyporfomic. The heart is in 
ventricular sj^stolo and the vessels are normal. The stomach is often 
contracted but usuallj^ contains some food. The small and largo 
intestine contain only bile-stained fluid thickened uith mucus. The 
intestine is often contracted, but intussusception and volvulus have 
not been seen. Tliere is no haemorrhage or ulceration in stomach or 
intestine. The pancreas is conspicuously pinic and the same tinge 
may bo seen in the parotid glands, but the other salivarj’^ glands and 
the orbital glands are macros cop icall}’^ normal. The livor may be 
congested. The kidneys and adrenals are normal and the bladder 
is empty. The lymph nodes and thj^mus are normal hut the spleen 
is contracted and bright rod. The vessels of the meninges are congested, 
but no gross change can bo seen in the brain or spinal cord. 


Histological findings 

The occurrence of recognisable anatomical lesions depends on 
the severity and duration of sj^mptoms. If a large dose of B-605 
of the order of ten times the LD50 dose is given, death occurs 'within 
tliirty minutes and no histological changes can be detected. The 
more highly active anticholinesterases—tetraethyl pyrophosphate 
(T.E.P.P.) and E.600—produce symptoms of onl}^ about half-an- 
hour’s duration and again no lesions are produced imless the symptoms 
are prolonged by repeated injections. If s 5 miptoms persist for more 
than three or four hours, structural changes occur. These are found 
particularly in the salivary and lachr^^mal glands and in the acinar 
portion of the pancreas, but there is a difference in the ease -with 
wliich lesions can be produced in different glands. Changes are most 
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easily induced in tlie lachrymal and suhmaxiUary glands and much 
less readdy and less consistently in the parotid glands and pancreas. 
Changes m the spleen and thymus are found only when symptoms have 
persisted for some ^ days. The histological changes in the salivary and 
lachrymal glands and in the pancreas produced by prolonged poisoning 
of several days’ or weeks’ duration are the same as those occurring in 
acute poisoning when symptoms have lasted for three or four hours. 

The gross a,natomy of the salivary and orbital glands of the rat 
has been described by Greene (1935), and the comparative histology 
of the saUvary glands by Krause (1921) and Stormont (1932). Fekete 
(1941) has given a very complete account of the normal histology of 
the salivary and orbital glands in the mouse, but there is no corres¬ 
ponding account of the normal structure of these glands in the rat. 
The normal histology of the different glands is therefore discussed in 
sufficient detail to enable a comparison to be made with the glands 
of poisoned animals. 

Submaxillary glands. These are two prominent structures in the 
ventral cervical region in contact along the mid-ventral line from the 
level of the hyoid bone almost to the manubrium stemi. They are 
compound tubulo-alveolar glands divided into a number of lobules 
by connective tissue septa. They have been described by Ranvier 
(1886) and Loewenthal (1893-94) as serous, and Honda (1926-27) has 
reported the presence of some sero-zymogen cells. Stormont (1932) 
has described the alveolar cells as special serous cells differing from 
the sero-zymogenie type and both cytologicaUy and functionally 
iU defined. As yet there is nothing to add to Stormont’s summing up. 

The duct system is extensive. The main duct, lined by pseudo- 
stratified columnar epithelium, and the interlobular ducts, lined by 
columnar epithelium, are unaffected in prolonged E.605 poisoning. 
The intralobular ducts are striated tubules lined by rodded epithelial 
cells. They have centrally located nuclei with basal cytoplasmic 
striations radially arranged. The intralobular ducts diride into 
terminal tubules lined by taU columnar epithelial cells which protrude 
into and appear to fill the lumen. These cells have basal nuclei, often 
flattened, and a large amount of cytoplasm which stains with eosin 
to a variable degree. Some of the cells contain granules and probably 
correspond to the sero-zymogen cells described by Honda. In E.605 
poisoning the number of granules increases greatly, aU the cells of 
the terminal tubules and many of those of the intralobular ducts 
becoming distended with them. These granules are best stained 
by Altmann’s acid-fuchsin. 

At the same time changes are found in the alveoli. The special 
serous cells which form the alveoK are pyramidal in shape, with a 
large oval darkly-staining nucleus near the base of each. The cyto¬ 
plasm is basophilic, with concentration of basophilic material towards 
the base of the cell. The cytoplasm does not contain any zymogen 
granules. In E.605 poisoning there is early and slight reduction m 
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Fio 1 —SubmtixilUrj glincl of mnlo rnt, 1 illcd after 3 subcutaneous injections daily 
for 2 dn\’fl of E 605 in nrnclus oil Collapse of nUcolar structuro and \ncuola 
tion of nUoolnr epitbelium Increase m granules in tubules Vltmanu’s acid 
fuchsin X470 



FiO 2—Bubmaxillary glnnd of a normal male rat for comparison %uth fig 1 Tlie 
dimensions of tho normal aU eoli and tubules are Bbo^\’n The presence of granules 
in some of the tubular cells is illustrated AUmann s acid fuchsm X 470 





POISONWQ py EM5 


85 


cj'toplasmic basophilia. Vacuoles appear in tlio cytoplasm, first in 
isolated colls, then in groups of colls : finally ovory cell is involved. 
Tho alveolar structuro collapses and the shrunken alveolar colls 
become packed together. Tho alveolar tissue becomes reduced 
relatively to tho tubular part of tho gland, vhich is now prominent 
and strongly fuchsinophilic (fig. 1; cf. fig. 2). In such glands post¬ 
mortem autolysis is rapid and accentuates those changes. 

Major snblhigual glands. These are paired structures closely 
applied to the antcro-lateral surface of tho submaxillary glands and 
mado up of a single lobo divided into lobules by connective tissue 
septa. They are mucous glands and are stimulated to very active 
secretion by E.005. Tlio only liistological cliaugo is n slight decrease 
in depth of staining of tho mucin within tho colls. Mucus can be scon 
witliin the ducts but tho duct epithelium is unaltered. 

Parotid glands. These glands spread diffusely on either side over 
tho vontro’latoral surface of tho neck and reach tho shoulder. Each 
consists of a number of elongated tubules. They are sero-yjmiogcnic 
glands similar to tho acinar portion of tho pancreas. The serous cells 
of tho secretory alveoli are pjTamidal and their basal cytoplasm is 
strongly basophilic, with vertical striations. Tho nucleus is round 
or oval and relatively largo, and on tho apical side of tho nucleus 
coarse zymogen granules fill tho coll. In E.005 poisoning tlioro is 
loss of both basopliilia and zymogen granules. Tho colls shrink and 
the acini become deformed, and small vacuoles appear in the cytoplasm. 
Many nuclei become pyknotic and hj^ierchromatic. As a result of 
these changes there is loss of definition of tho alveolar cells and tho 
regular glandular pattern is also lost (fig. 3). The duct opitholiiim 
is entirely unaffected. These changes are produced only after pro¬ 
longed and severe poisoning and aro always less marked than those 
in the submaxillary gland. 

Lachry7nal glands. Each lachrymal gland consists of two separate 
parts. Tho intra-orbital gland is a small triangular structure covering 
the posterior angle of tho orbit beneath a connective tissue sheath. 
Tho extra-orbital gland is a well-defined discoid structure lying below 
and slightly in front of the ear and close to tho anterior border of the 
parotid gland. Both parts, although anatomically separate, aro 
histologically identical. They aro tubulo-alveolar in structure and 
composed of small lobes divided into lobules by fibrous tissue. The 
ducts are lined by low cuboidal epithelium lacking basal striations. 
The alveoli are large and loosely arranged and tho component cells 
are also large and bulging, and variable in shape. They ate columnar, 
pyramidal or hour-glass shaped and their nuclei are large and 
prominent, with a well-defined nuclear mombrano and one or more 
nucleoli. Large nuclei and double nuclei aro common. The cytoplasm 
is strongly basophilic and contains somewhat ill-defined basophilic 
granules. In E.G05 poisoning there is no obvious change in tho 
degree of basophilia, but vacuoles appear in tho cytoplasm (fig. 4). 
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They are most frequent in the apical portion of the ceUs, where they 
are o ten multiple. They are also found in the basal region and may 
ev^ inyolve the nucleus. The ceUs tend to shrink, with the appearance 
oi better-defined lumina, and the large nuclei disappear. As a result 
there is greater uniformity of cellular structure except where the 
yacuolation has progressed to produce hydropic degeneration of cells 
or groups of cells. Minor degrees of yacuolation are not imcommon 
m normal rats that have been killed by chloroform inhalation but 
it is rare in rats killed by stunning. 

Havdenan gland. This is a large horse-shoe-shaped gland lying 
behind the eyeball and almost completely encircling the optic nerve. 
It produces the red tears that are a feature of E.605 poisoning. It 
is a tubulo-alveolar gland, and both tubular and alveolar cells are 
extremely pale-staining, with absence of basophilia and very little 
afiSnity for acid dyes. But the appearance of frozen sections stained 
with hsematoxylin and neutral red is strildng. The cytoplasm is 
completely filled with secretory granules of a lipoidal nature. Small 
pale round nuclei lie at the base of the cells. In poisoning with E.605 
there is evidence of increased secretion. The alveoli and ducts become 
filled with fat globules outlined by brownish granular material, which 
is the precipitated porphyrin responsible for the red colour of the tears. 
There may be some slight reduction in the depth of the cells, with 
corresponding widening of the alveolar and tubular lumen, but there 
is no reduction in lipoid granides in the residual cytoplasm. There is 
no change in the duct epithelium. 

Pancreas. The first change in the pancreas in E.605 poisoning is 
a reduction in the number of zjunogen granules in the acinar cells. 
Before this reduction has become extreme, vacuoles appear. They 
are round and clear, and range from 1 to 10 p in diameter. They 
may occupy any part of the cytoplasm, but are more frequently 
apical than basal. A single cell may contain several small vacuoles. 
In some cases vacuoles are present in all the acinar cells; in others 
they occur in foci involving several groups of cells (fig. 5). When 
focal in distribution they are frequently confined to the area 
immediately surroimding an islet of Langerhans. There is a tendency 
in this region for the zymogen granules to persist, so that vacuoles 
are foimd in acinar cells which also contain many zymogen granules. 
The pancreatic ducts are unaffected and the islet tissue is normal 


in all respects. 

Intestinal canal. The squamous epithehum which hues the cardiac 
end of the rat’s stomach is unaffected in E.605 poisoning. Of the 
columnar epithelium, with many glandular elements, which lines the 
■pyloric end, only the mucus-secreting goblet cells show signs of 
increased activity. The gastric mucosa is coated with mucus, which 
still stains strongly in the goblet cells. The duodenum, ileum and 
large intestine are empty and the mucosa is coated mth mimus. ihe 
goWet cells stain strongly for mucin and seem to be unaffected by 
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thoir increased secretory actmty. No ulcers, liajmorrhagos or necrotic 
lesions are scon in either stomach or intestine. 

Lymphoid Vissuc. The spleen, thj’^miis, and abdominal, thoracic 
and cers'ical Ij^mph nodes wore examined. No changes are found in 
acute poisoning with E.605 whore symptoms have lasted less than 
four hours. In prolonged poisoning of 3 or 4 days* duration the 
spleen shows a relative reduction in wliito pulp. Ijymphoc 3 des arc 
diminished in number and nuclear debris appears in the germinal 
centres, which later become empty and acellular. After prolonged 
poisoning h'mphocytcs disappear from the rod pulp also, leaving 
behind the reticular and fibrous tissue. In the thjnnus the changes 
produced b^^ prolonged poisoning affect particularly^ the cortical 
lyunphocydos. Hero the reduction in the number of tymphocy^tes may 
bo so great that the distinction between cortex and medulla is lost, 
except in extreme cases where the Iv'mphocydos are more densely 
packed in the medulla than in the cortex, a reversal of the normal 
picture. No consistent changes are found in any of the groups of 
lymph nodes. 

Other tissues. These can ho considered as n group based on the 
slight or negative findings rather than on any particular anatomical 
basis. The lungs do not show any marked change. Capillary con¬ 
gestion is usual, with minor degrees of cedoma and some associated 
collapse. In some cases the bronchial and bronchiolar mucosa is 
much folded, suggesting anto-mortom spasm. This finding, however, 
is inconstant and inconcliisive. The liver does not show any patho¬ 
logical change. After a single injection of an LD50 dose of E.C05 
the liver glycogen disappears completely’’ and docs not reappear in 
the liver of survivors until they have completely recovered symptom¬ 
atically. The thyroid, pituitary and adrenal glands, examined only 
after routine staining with hceinatoxylin and eosin, show no lesions 
or abnormalities of any sort. The kidneys, bladder, ovaries, testes, 
hrain, spinal cord, heart muscle, smooth muscle and striated {skeletal) 
7mi8cle present normal histological appearances. The mymneural 
junctions, examined by the gold, silver and methylene blue methods, 
show no consistent changes in the poisoned animals. 

Discussion 

In E.C05 poisoning, whether acute or prolonged, and indeed in 
poisoning by other agents with anticholinesterase activity, most of 
the important organs of the body are free from well-defined patho- 
lo^cal lesions which can he hold accountable for the death of the 
animal (see also FoTssling, 1948, Jones and Landing, 1948, DuBois 
et al., 1949). On the other hand, changes in the exocrine glands are 
a constant feature of prolonged E.C05 poisoning. Similar changes 
have been described before in other conditions. Beattie and ^McDonald 
(1933) found that a single injection of acetylcholine produced small 



88 


F. A. DENZ 


cytoplasme vacuoles m the cells of the lachrymal glands of eats. 
Vacuolation of the acinar cells of the pancreas has been produced 
by the injection of pilocarpine (Mouret, 1895), by electrical stimulation 
of the vagus (Babkin et al., 1909) and by repeated injections of 
acetylchoHne (Leblond and Sergeyeva, 1944; Tucker, 1948). The 
persistence of granules in the acinar cells lying immediately around 
the islets to form halos of unexhausted cells has been described 
occasionally in the normal pancreas (Jarotzky, 1899 ; Dale, 1905), 
and Sergeyeva (1938) has shown that this condition can be induced 
by vagal stimulation. 

HUiarp (1949) has produced changes in the submaxillary glands 
of rats by sympathetic stimulation and by provoking intense secretion 
by feeding on dry wheat starch. He describes shrinking of the 
alveolar-cell acun and some vacuolation, but fotmd a reduction in 
granules in the tubular part of the submaxillary gland. 

Ehrich and Seifter (1948) have described changes in the saUvary 
glands and pancreas of rats following the injection of colchicine and a 
number of other compounds. They attributed these changes to the 
so-called alarm syndrome, which is part of the adaptation syndrome 
of Selye (1946), a syndrome embracing also chromodacryorrhcea and 
lymphoid hypoplasia. In view of the similar changes produced by 
prolonged E.605 poisoning it is possible that the conditions found by 
Ehrich and Seifter may be due to the excessive production or 
accumulation of acetylcholine. If this could be established it might 
then be possible to define more specifically some aspects of the alarm 
reaction. 

The extent of the changes described in the lymphoid tissue is 
difficult to assess because these tissues are extremely variable in 
apparently normal animals. But the changes seen in the thymus 
and spleen in E.605 poisoning are both consistent enough and severe 
enough to be attributable to the action of E.605. Similar changes 
have been described by Jones and Landing (1948) with two phosphine 
oxide anticholinesterases, hut they found in addition marked lympho¬ 
cytic degeneration and hypocellularity in the regional lymph nodes 
and Beyer’s patches of the intestine. They compared these findings 
with those produced by nitrogen-mustard vesicants which, as 
Thompson (1946-47) has shown, can also inhibit cholinesterase activity. 

Chromodacryorrhcea and the histological evidence of hyper¬ 
activity of the Harderian glands are interesting features of E.605 
poisoning. The shedding of red tears by the rat was first described 
by Ereud (1933) following the injection of muscarinic drugs, and 
Tashiro ef al. (1940) showed that red tears also result from the intra- 
peritoneal injection of acetylcholine. Thompson demonstrated that 
chromodacryorrhcea develops two or three days after the application 
of vesicants such as mustard gas and nitrogen mustard, and attributed 
this action to the inhibition of cholinesterase activity at cholinergic 
nerve endiags. Burgen (1949) has developed a test in which the 
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appearance of red tears in rats is used as a moans of assessing tlio 
potency and duration of action of anticholinestoraso drugs. Tho red 
pigment in tho tears is probably tho porphyrin found in the Hardorian 
glands of rats by Dorrion and Turchinl (1924). Tho chiof component 
is a protoporph 3 n'm (I'ischcr and Orth, 1937 ; Towbin cl al,j 1945) 
but McElroy et ah (1941) describe a coproporphyrin as a second 
component. 

A consideration of the pharmacological action of acetylcholine 
enables one to predict most of the findings in this paper, although 
other changes also might reasonably have been expected. Intus¬ 
susception and volvulus have been produced in young guinea-pigs by 
the injection of pilocarpine (Flory and Allen, 1949) but have not 
been observed in rats subjected to prolonged poisoning by E.605. 
Gastric and intestinal ulceration has been looked for but not found. 
Koppanyi (1948) has suggested that acetylcholine poisoning might 
produce haemorrhages in tho grey and “white matter of tho central 
nervous system, accompanied by neurone depletion, diffuse gliosis, 
and tho formation of glial nodules and scars. This is in lino with 
the present tendency to extend tho scope of tho action of cholinesterase 
and to consider its relation to tissue oxidation, Ih E.C05 poisoning, 
no lesions of any kind wore found in tho brain or spinal cord. 

The histological changes produced by E.C05 seem to result from 
the action of acetylcholine liberated at cholinergic nerve endings and 
persisting in tho absence of the specific enzyme which normally in¬ 
activates it. But the development of pathological lesions and their 
severity are dependent on the duration of symptoms of E.C05 
poisoning. ^Vhen largo doses are given, death occurs within tliirty 
minutes and histological changes aro not found. With more highly 
active anticholinesterase agents such as tetraethyl pyrophosphate 
(T.E.P.P.) and E.600, symptoms appear quickly and, if death is 
not immediate, rapidly disappear without leaving any histological 
changes. Lesions in the pancreas and salivaiy glands are found 
only when the action of E.G05 is prolonged for at least three hours. 
Other workers have met vith similar difficulty in producing lesions 
by the injection of acetylcholine or by vagal stimulation. Injections 
of acetylcholine must be repeated at ten-minute intervals for several 
hours and the vagus must be stimulated continuously for some hours 
before vacuolation of the pancreas occurs. 

Sttmmaby 

1. Eats poisoned with E.605 and surviving for at least 3 hours 
show the symptoms of lachrymation, excessive salivation, chromo- 
dacryorrhcea, muscular wealoiess, diarrhoea and embarrassed 
respiration. 

2. The most constant pathological finding in animals dying after 
three hours is in the submaxjllary glands, where the acinar cells of 
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the alveolar portion are vacuolated and shrunken and th eeells of the 
tubular portion filled with eosinophilic granules. 

3. Vacuolation also occurs in the parotid and lachrymal glands 
and in the acinar portion of the pancreas. The subHngual and 
Harderian glands show evidence of increased secretory activity but 
no degenerative changes. 

4. The thymus and spleen are depleted of lymphocytes but the 
lymph nodes are normal. 

5. The changes are attributed to the inactivation in the body of 
cholinesterase by E.605, with resulting accumulation of acetylcholine 
at cholinergic nerve endings. 

I wish to thank Dr J. M. Barnes and Professor G. R. Cameron, P.R.S., for 
their advice during the course of this work and for their criticism of the 
Tnanuscript. 
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«f 1 per cent, t^an blue being given intravenously. The rabbit appears to 
be about one-half as sensitive as the rat, so that a substance having an end-point 
'Ot 1 ; 20,000 in the latter animal will show final response at 1 ; 10,000 in 
the former. The permeability response, as evidenced by a patch of blue 
on ^ skin, begins in 1-3 minutes and reaches ifcs maximum in 

20-30 minutes, when it is read. In control experiments 0*9 per cent. Had 
freslily prepared by diluting stock 9 per cent, saline 1 in 10 was injected intra- 
dermally. 

Leucocytic emigration was lilmwise demonstrated by the method of Menkin. 
Bats were again used but no dye was administered. The abdomen was shaved 
under anacstliesia and the test solution injected intradermally. Thirty minutes 
later the animal was killed and the piece of skin cut out, fixed in Zenker’s fluid, 
-cut in paraffin and stained with Elirlich’s hematoxylin and eosin. A positive 
response was taken as unmistakable polymorph emigration shown by the 
leucocytes passing between the endothelial cells and by their presence clustered 
arotmd the vessels. Although emigration was confined to polymorphs, some 
lymphocytes and monocytes were often found in the vicinity of the involved 
vessels. 

The third biological effect of the preparations studied, swelling of the capillary 
endothelium, was demonstrated in the same sections. This phenomenon, 
although not stressed by previous workers, was usually well marked in the 
material of this investigation. Estimation of both these properties is only 
roughly quantitative. 

The peptic digest of fibrin was prepared by the method of Gullumbine and 
Bydon, the digestion mixture being brought to pH 2 before incubation for 
3 hours at 37® C. and the fibrin being triturated with small quantities of water 
before digestion to facilitate its suspension- Deproteinisation with acetone 
and pyridine was carried out according to the directions of the same authors- 
B.D.H. blood fibrin and Benger’s pepsin 1 in 10,000 were used. 

Charcoal adsorption and elution were also performed by the method of 
Oullumbine and Bydon. Fuller’s earth adsorption and elution were carried 
out by the method of Duthie and Chain except that acetone/pyridin© deprotein¬ 
isation was substituted for tlie first pressure filtration and centrifugation for 
the second- Trypsin digestion was carried out with B.D.H. crude trypsin 
powder. 

Paper partition chromatography was performed by the techniques of Gordon, 
Martin and Synge as modified by Bent (1947). Electrodialysis was undertaken 
in a four- or five-celled apparatus made from a perspex cylinder by Mr A. W. 
Hemmings of the department of chemical pathology, the cells being separated 
by membranes of cellophane or formalin-hardened parchment- lonophoresis 
was carried out in a trough of the type described by Consden et al. (1946), with 
lead electrodes and glass-wool packing instead of silica gel, the apparatus being 


kindly supplied by Miss Hicholas. 

Hydrotysis of peptides to the amino-acid stage was performed by adding an 
oqual volume, generally 1 ml., of concentrated HCl to the test solution and 
heating at 100® for 36 hours in a boiling tube fitted %vith a cold finger. Free 
ammonia nitrogen was determined with Hessler’s reagent and total nitrogen 
by the micro-Kjeldahl titrimetric technique as described by Hawk el ah (1947). 
Chain lengths of the peptides were determined by free amino-nitrogen deter- 
minations before and after acid hydrolysis (Winnick, 1944). The mtrous-ac.d 
and ninhydrin-CO^ methods of Van Slyke were used. In the former a correction 
was made for amn^onia present in the preparations by determining free ammonia 
nitrogen by the direct Hessler method and then estimatmg the pressure of 
nitrogen gas yielded by this quantity of ammonia by reference 
yielded by a imown solution of ammonium sulphate on 
Srous acid procedure. In every case the free carboxyl nitrogen of the acid 



HlQBBn PEPTIDES IN INFLAMMATION 9& 

hydrolysates was detormmccl by tho ninhydrin-COj method (Van Slyko et al.^ 
1041) and found to agree with amino nitrogen determined by tho nitrous-acid 
method (Van Slyko, 1929) after tho ammonia nitrogen correction had boon 
made. 

Results 

The permeability resjionse 

Menldii (1937) found that wlioroas his extracts gave n homogon^ous^ 
patch of dyo-stainmg in tho permeability tost, liistamino gave a 
ringdiko response. In tho rat, dropping tho concentration of histamine 
to below tho 0*05 per cent, mark replaces tho ring reaction given by 
higher concentrations with a patch response. Moreover, when the 
partially purified peptide material is increased in concentration to 
above 1 per cent, tho ring typo of dye staining makes its appearance. 
Indeed, it is possible to obtain by oloctrodialysis a fraction of the 
peptide mixture utilised in this investigation which giv’^os a ring type 
of response all tho way do^vn to concentrations of 0*05 per cent. 

The effect on permeability of glutathione, adon3dic acid, creatine, 
crystalline penicillin ** G ” and pepsin was also tested. At concen¬ 
trations of 1 per cent, vasoconstriction and blanching occurred, 
sometimes followed by a delayed and faint ring-Iilco zone of dye 
staining. At concentrations of 0-1 per cent., no response of any 
kind could bo detected. Irritants such as acetone, pyridine, turpentine, 
sulphonated afcohol Tbopof and 0-2 iV sodium hydroxide gavo 
a similar constrictor response ; at dilutions ranging from 1 to 0*1 per 
cent., no reaction was visible. This contrasts with partially purified 
peptide preparations which under tho same conditions yielded a 
well-marked increase in capillar}^ permeability at concentrations of 
0-005 per cent. 

Aiteinpis at purification of peptic digest of fibrin 
by adsorption 

Tlie crude digest was adsorbed and eluted off charcoal as described 
by Cullumbino and Rydon, but no purification could bo achieved^ the- 
activity of the starting material usually being distributed equally 
between the non-adsorbed residue and two or three of the fractional 
eluatos. Charcoals employed consecutively were B.D.H. activated 
charcoal, Light’s activated charcoal Avith and without preheating" 
in a crucible, and ‘*Norit Tho crude digest was then adsorbed and 
eluted with B.D.H. adsorption fuller’s earth. Tho observation by 
Duthie and Chain that the active material was almost quantitatively 
adsorbed was confirmed, but elution yielded only a small quantity 
of partially insoluble material only slightly more active than the 
original digest. It was found that the ammonia and pyridine elnates 
were of approximately equal activity, in contradistinction to the 
results of Duthie and Chain, who found the bulk of the activity in the 
latter fraction. 
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Fig. l.-Chromatogram of peptic digest of fibrin. 1. Phenylalanine. 2. Tyrosine 
3. Leucine or isoleucine or both. 4. Peptide streak. 



PHENOL 


Fio 2.— Chromatogram of amino-acids “phenylda^e- 2. Tyrosine, 

^"•principle of goat tuipentine pleural — ^ 

i Leucine or isoleucme or both. 4. VaUn 
8. Glutamic acid. 9. Aspartic acid. 
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Since all the other common adsorbents had boon used 'without 
success by Buthie and Chain, Cy alumina gel (Wilstattor), which had 
not been pro\iously used, was tried, but no concentration of activit^^ 
was acliioved. 


AUempied purifimtion by ion exchange 

A centrifuged solution of crude digest was nin through the cation 
exchanger Amberlite I.R.C. 50 and the efiluont plus washings then 
run tlvrough the anion exchanger Amberlite I.R.4.B. No separation 
of the active principle was achieved ; the HCl eluate from the cation 
and ammonia oluate from the anion exchangers consisted largoty of 
salts. Since the effluent actually lost some activity, a degree of 
adsorption was indicated. 

The amphoteric alumina column was also used (Savor^^ and IMooro’s 
standardised alumina). Acid-washed, ammonia-u'ashod and untreated 
columns 5 iolded no real concentration of activity. There was some 
adsorption of highl}^ coloured material at the top of the column which 
could bo eluted off both by acid and alkali and which contained about 
1/10th of the activity of the remaining digest. Fractional effluents 
all had the same order of activity. 

Attempted purification by paper partition chromatography 

Using the same solution, ono-dimcnsional paper-strip chromato¬ 
grams wore run in phenol, collidino-lutidino, butanol and butanol- 
acetic acid and dev'clopod with ninhydrin. No 'visual separation was 
achieved, but when the strips were cut up into segments and eluted 
(Dent), the activity was found to reside in the ninhydrin-roacting 
section, except in the collidino-lutidino strips, where no colour dev^eloped 
after treatment with ninhydrin. That the activity was not duo to 
ninhydrin vv'as shown by repeating the experiment with strips untreated 
'with this compound. 

Two-dimensional chromatograms of the same solution were run 
on paper squares, first in phenol then in collidinc-lutidino. On 
developing with ninhdrin the digest was seen to contain free tyrosine, 
phenjdalanino, and either leucine or isoloucino or both. In addition 
the chromatogram showed a broad streak giving a fainter blue 'with 
ninhydrin (fig. 1). This streak occupied the position taken up by 
liigher peptides in these solvents. An undeveloped was superimposed 
on a developed square and pieces cut out corresponding to the nin¬ 
hydrin-reacting areas and to the control areas. These paper segments 
were then eluted as before and the eluates tested for biological actmty. 
It was found that all such activity resided in the streak occupying 
the position taken up by higher peptides and that the amino acid 
and control spots were inert. 

For visual separation attempts 2*5-5 mg. of material were used, 
for elution experiments 5-10 mg. in a volume of 25-50 p\, 

J, pira. BAcrt.— vot. ijan « 
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Water- and alcohol-soluble fractions of crude digest 

AH the experiments so far described were performed on the 
completely water-soluble material obtained by centrifuging or filtering 
an aqueous solution of the crude digest. The water-insoluble material 
comprises about 10 per cent, of the whole digest by dry weight and 
corresponds to the alcohol-soluble fraction mentioned by Dekanski 
(1949). It is practically insoluble in water, but in strongly alkaline 
solution gives a fine suspension exhibiting birefringence of flow. 
Prolonged shaking with ethyl, methyl and butyl alcohol produces a 
yellow solution. The most rapid extraction was achieved with a 
mixture of absolute ethyl alcohol and ether in equal volumes. On 
shaking tliis extract with dilute acid, the yellow colour stayed in the 
alcohol/ether phase ; on snnilarly shaking with aqueous alkah, the 
colour moved into the aqueous phase. The colour of the water-soluble 
portion of the whole digest does not move into alcohol or ether from 
either acid or alkaline aqueous solution. In the capillary-permeability 
leueoc 3 rte-emigration and endothelial-sweUing tests, both water- and 
alcohol-soluble fractions have the same order of activity; the latter, 
if an 3 d;hing, being a shade more potent. 

Two-dimensional paper chromatography yielded information about’ 
the nature of the alcohol-soluble fraction. When an aqueous suspension 
of the material is run in phenol and coUidine-lutidine the resulting 
pattern on development with ninhydrin is practically identical with 
that given by the water-soluble fraction. Tlnis_the_alcohol^luble 
fraction contains free tyrosine, phenylalanine and leucine and higher 
peptidesT”' Tliis chromato'gfam pattern was obtained after repeated 
wateF washes, the sediment then being resuspended and run. It was 
concluded from these experiments that the alcohol-soluble fraction 
is composed of part of all the constituents of the whole digest bound 
up in some form of matrix, possibly of a. lipoid nature. In view of this 
and because of the solubility characteristics of this fraction it was 
decided to confine further studies on the peptic digest of fibrin to the 
water-soluble portion. 

Ammonium sulphate fractionation 

When a 2-5 per cent, aqueous solution of water-soluble digest was 
brought to 75 per cent, saturation with ammonium sulphate a dense 
precipitate appeared, part of which was resinous in appearance and 
floated to the surface. No further precipitate appeared on increasing 
the concentration of salt to 100 per cent, saturation. This precipitate 
has 5-10 times the activity of the starting material in the permeability 
test and the supernatant has none. To confirm that this latter result 
was not due to a masking effect exerted by the high concentration of 
ammonium sulphate this supernatant was de-salted by prolonged 
electrodialysis, after which it was found to be stiff inactive in the 
permeabiffty test. In a typical pilot scale experiment 1 g. of water- 
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soluble digest was dissolved in 25 ml. of distilled water and at room 
temperature 13*8 g. of ammonium sulphate added and the mixture 
shaken until dissolved. The precipitate was centrifuged dourn, drained 
and rcdissolvcd in water, 1 g. of starting matoiinl yielding 100 mg. of 
precipitate. Estimation of activity was carried out by the capillary 
permeability test, the precipitate being titrated sidc-by-sido Avith 
some of the starting material which had been held back. TJie end¬ 
point of the precipitate was 0-005 per cent., that of the crude digest 
0-05 per cent. jSlatorial was iccovercd from solution by evaporating 
to dr 3 moss on a water-batb under reduced probsuro, or, in the case 
of small quantities, by drying in vacHO over 

The saltcd-out precipitate was more powerful in its oflbets on 
Icucoc^do emigration and endothelial spelling than the crude digest, 
giving positive results dorni to dilutions of 0-1 per cent., w-ith massing 
of pol 3 nnorphs mound blood vessels at concentrations of 1-2 per cent. 
Two-dimensional paper partition chromatograph^' revealed that the 
precipitate consisted of a peptide streak alone and that tlio super¬ 
natant contained the throe free amino-acid spots of the original digest 
plus a smaller quantity' of peptides. 

FvlhFs mrih absorph’oa of ammonium snlphaic prccipifaie 

The ammonium sulphate precipitate was a dark broum amorphous 
substance readily soluble in water at pH 8. In its appearance and 
order of activity in the permeability^ test it resembled the material 
eluted off fuller’s earth by Duthio and Chain, which contained all 
the activity of their digest. To investigate this point 50 mg. of the 
precipitate wore shaken for 10 minutes with 100 mg. of fuller’s earth 
and the adsorption repeated twice more. At the end of this time 
the supernatant contained no peptide material at all and was inactive 
in the permeability test. The supeniatant, after adsorbing the whole 
crude digest with fuller’s earth, was brought to 75 per cent, saturation 
with ammonium sulphate and the small quantity of salted-out material 
obtained was found to have an end-point in the permeability'' test of 
0-1 per cent. Whether or not any of the inert peptides in the 
ammonium sulphate supernatant wore adsorbed by^ fuller’s earth 
could not be determined, as no sure method existed for tlioir identifica¬ 
tion, Nevertheless, since all the active salted-out peptides were 
quantitatively adsorbed by fuller’s earth, leaving, to all intents and 
purposes, nothing behind, it was concluded that the products of 
ammonium sulphate piocipitation and of Duthie and Chain’s procedure 
were largely the same. 

Aiiempts at fracHonation of the ammonium sulphate precipitate 

Salting-out at different pH and ionic strength values. Eor convenience 
in an attempt at fractional precipitation with ammonium sulphate 
the initial salting-out of the active material from the crude digest 
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was done at 60 per cent, saturation instead of 75 per cent., the two 
precipitates having the same order of activity. One g. of precipitate 
was dissolved in 30 ml. of water and brought to 20 per cent, saturation 
^th solid ammomum sulphate. This was centrifuged, the supernatant 
brought to 30 per cent, saturation and so on until a 60 per cent, 
saturation precipitate had been obtained, when the supernatant was 
discarded. This procedure was repeated at aU pE levels from 2 to 9, 
the hydrogen-ion concentration being adjusted initially and between 
each precipitation with the aid of a glass electrode. At no saturation 
level at any pE was any further concentration of activity achieved, 
although the appearance of the precipitate varied from dark brown 
and resinous at 20 per cent, to pale yellow at 60 per cent, 
saturation. 


The material precipitated between 40 and 50 per cent, saturation 
at 3*5 was then taken and re-precipitated twice at 50 per cent, 
saturation at the same pE, No concentration of activity resulted 
and the material could not be crystallised out from ammonium sulphate 
on prolonged standing. 

Organic solvent fractionation. Fractional alcohol precipitation at 
2® between 33-3 and 90 per cent, final concentration yielded no 
purification. A similar procedure with acetone at 2° between 66*6 
and 90 per cent, also achieved no concentration of activity. Acetone 
or alcohol fractionation followed by ammonium-sulphate fractionation 
was likewise without effect. 

Electrodialysis. When a solution of ammonium-sulphate precipitate 
at pE 3 was placed in the centre weU of a four-ceUed electrodialysis 
apparatus with two anode compartments, the active principle of the 
capillary-permeability test appeared to migrate quantitatively to 
the cathode, leaving apparently inactive material behind. Yet the 
peptides recovered from the cathode cell had the same order of activity 
as the starting material, although comprising only 20-35 per cent, 
by dry weight of the total recovery. It was then found that the 
matter left behind in the centre cell was not really inactive, but gave 
vasoconstriction down to concentrations of 0*1 per cent., when an 
increase in capillary permeability made its appearance, first as a ring, 
then at 0-05 per cent, concentration as a homogeneous patch. If, as 
seems likely, the permeability-increasing activity of this fraction is 
masked by its vaso-constrictor effect, then the failure to demonstrate 
increased activity in the peptides migrating to the cathode becomes 
explicable. Whether the behaviour of the centre-cell fraction in the 
permeability test is a property of the peptides themselves or of 
impurities cannot be answered. The near anode cell contained merely 
traces of peptides, the far anode only inorganic matter; neither was 
active in the permeability test and together they accounted for 
about 30 per cent, of the total recovery by dry weight. 

Both cathode and centre cells contained leucocyte-attracting 
and endothelial-swelling activity, and the former seemed the more 
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potent, although the accuracy of tho method does not justify a more 
precise comparison. Both anode compartments were inert in this 
respect. 

Tiie results wore similar with two cathode compartments and one 
anode coll, except that a small quantity of relatively inert peptides 
collected in tho near cathode chamber. As the pH of tho starting 
solution was raised, so tho amount of peptide migrating to tho cathode 
declined. In addition, tho quantity passing to tho anode increased, 
but not to tho extent that might bo expected. 

lonophorcsis. . lonophorcsis at pH 4 was tried but no separation 
of tho active principle was achieved. With a current of 20 mUIiamps 
tho activity in tho permeability test was pooled about 1/3 of the M'ay 
to tho cathode electrode after 2 hours. JIatorial was recovered from 
tho glass wool by squeezing tho latter out at the end of tho experiment, 
the w’ool being divided into compartments b}^ bars of agar jelly. 

Iso'clcciric point prccipiiciti07i. When an aqueous solution of the 
ammonium sulphate precipitate is gradually rendered acid, a precipitate 
forms which reaches its maximum at an iso-electric point of pH 3»8 : 
this comprises 1-2 per cent, tofiu of tho total material. This iso-eicctric 
precipitate, however, has tho same order of activity in the permoability 
leucocyte-emigration and endothelial-swelling tests as tho rest of tho 
ammonium sulphate precipitate. It appears to bo formed from tho 
peptides precipitated by ammonium sulphate between 0 and 20 per 
cent, saturation when tho latter are evaporated to dryness from 
aqueous solution. 

Ammonittm sulphate siipcmatani. Attempts at separating the 
active principle from tho ammonium sulphate prccipitato having 
proved unsuccessful, the corresponding supernatant was turned to. 
As has been said, it is inert in tho permeability test, but when tested 
for activity in inducing polymorph emigration and endothelial swelling 
it proved to possess tho same order of potency as tho ammonium 
sulphate precipitate. Massing of leucocytes around blood vessels was 
produced at concentrations of 4 por cent., and less constant and 
striking emigration down to 0'2 per cent. Prior to testing, tho material 
had been freed of all hut traces of free amino acids by prolonged 
electro dialysis at an acid pH in the apparatus described. Under these 
conditions the amino acids and a proportion of tho peptides migrate 
to the cathode, leaving tho peptides under discussion behind in the 
centre cell. 


The different peptide fractions and their average chain lengths 

Having found the peptides of the ammonium sulphate supernatant 
to possess only two of the three biological properties of the corres¬ 
ponding precipitate, it was decided to compare their chemical properties 
by determining the number of amino acids in the average peptide 
chain of the two fractions. Similar determinations were performed 

3 . PATH. BACT.—VOt. Ixm q 2 
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on the peptides precipitated at pH 3-8 and on those salted out with 
ammonium sulphate between 0 and 20 per cent, and between 40 and 
50 per cent, saturation, since they all differ in appearance or chemical 
properties although not in biological activity. All these fractions 
were prepared as described above, the two last being re-precipitated 
at the appropriate saturation level. 

The average chain length of the ammonium sulphate supernatant 
was five amino acids ; of the ammonium sulphate precipitate ten; 
of the pH 3-8 precipitate fourteen ; of the 0-20 per cent, saturation 
precipitate fourteen and of the 40-50 per cent, saturation precipitate 
eight amino acids. The total nitrogen of all these fractions was of 
the order of 13 per cent, except for the ammonium sulphate super¬ 
natant, where it was 6 per cent. 

^Acid hydrolysates and amino-acid composition 

Acid hydrolysates of all the fractions mentioned were prepared 
and their amino-acid composition determined by paper partition 
chromatography. /All contained tyrosine, phenylalanine and leucine, 
with or without isoleucine, valine, histidine, arginine, lysine, ^-alanine, 
threonine, glycine, serine and aspartic and glutamic acids .J In addition, 
all but the ammonium sulphate supernatant gave proline and amino 
butyric spots. All neutralised acid hydrolysates were completely 
devoid of activity in the capfilary-perineability, leucocyte-emigration 
and endothelial-swelling tests. 


Tryptic digests 

When the ammonium sulphate precipitate was digested with 
commercial trypsin and the resulting mixture subjected to paper- 
partition chromatography the following amino acids were found to 
be liberated tyrosine, phenylalanine and leucine, with or without 
isoleucine, valine, arginine, lysine, histidine, ^-alanine, glycine, serine 
and glutamic acid. 

In addition, the precipitate after digestion had lost its power to 
increase capillary permeability, as reported by Duthie and Chain, 
using crystalline trypsin. However, it retained its ability to attract 
leucocytes and to induce capillary endothelium to swell in the same 
concentrations as before. 

Incubation with commercial trypsin of the ammonium sulphate 
supernatant yielded the same amino acids as the salted-out precipitate, 
except that arginine and lysine were not hberated although present 
in the acid hydrolysate of the same material. After digestion, this 
fraction retained its power of inducing leucocyte emigration and of 
causing vascular endothelium to swell; its inability to produce 
increased capiUary permeabihty remained unchanged. 



BIGHEIi PEPTIDES IN INFLAMMATION 


103 


Surface acHvity 

Surface activity, i.e. ability to lower surface tension, is a general 
property of higher peptides. It is possessed by all the fraetions so far 
mentioned except the acid hydrolysates, where all poptide bonds had 
been ruptured. Thus the ammonium sulphate precipitate super¬ 
natants and their trj'ptic digests all show surface activity easily 
demonstrated hy frothing on shaldng. 

In an attempt to obtain support for the hypothesis that leucocytic 
emigration was related to surface activity various other surface-active 
substances were tested. These included rat serum albumin and 
globulins, Teopol in concentrations from 20 to 0*1 per cent., glucose 
and soditim octanoato. Turpentine in concentrations from 25 to 
0‘2 per cent, was also tried, as a non-surfaco-active irritant. In the 
highest concentrations Teepol and turpentine botli appeared to increase 
the number of polymorphs in the lumen of the skin vessels but no 
emigration or endothelial swelling was produced b}^ them or by any 
of the other substances tested. 


Effect of anti-histamine drugs 

Kve mg. of Anthisan (May and Baker) was injected intramuscularly 
into 3 rats, and 30 minutes later a tost of capillary-permeability action 
was carried out, using the original digest. The appearance of dye- 
staining was groatl}^ delayed and the intensity finally reached but a 
fraction of that normally obtained. Nevertheless, a positive response 
could bo detected in the highest dilution normally yielding one. In 
the rabbit, the capillarj^-permoability effect appeared to bo completely 
inhibited. In contradistinction to this, previous dosage with Antliisan 
had no effect on polymorph migration or on endothelial swelling. 

Other enzyynic digests of proteins 

Peptic digestion of blood albumin yields a mixture having sHghtly 
less activity in the permeability to dye tests than the corresponding 
digest of fibrin. Like the latter, the active principle is quantitatively 
precipitated by 75 per cent, saturation with ammonium sulphate. 

Peptic digestion of gelatine has been reported not to jdeld an 
active product. In fact, in the rat, slight permeability increase is 
effected by the crude digest at a dilution of 1 per cent. When the 
digest is brought to 76 per cent, saturation with ammonium sulphate 
a precipitate forms which contains all the permeability activity and 
has an end-point of O'l per cent. Commercial trypsin yields digests 
active in the permeability and leucocyte-attracting tests, both from 
blood fibrin and from albumin } in both cases the active material is 
quantitatively precipitated from solution by 76 per cent, saturation 
with ammonium sulphate. 
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A crystalline higher peptide 

i\Ir N. M. Green of the department of chemical pathology kindly 
gave me a sample of crystalline beef-pancreas trypsin inhibitor, a 
peptide with a molecular weight of the order of 6000 according’to 
Northrop. This material increased capillary permeabihty in the rat 
at concentrations down to 0-005 per cent, and induced leucocytic 
emigration and endothelial swelling at a concentration of 0-4 per cent. 
Trypsin inhibitor is quantitatively precipitated by 75 per cent, 
saturation with ammonium sulphate. 


Inflammatory exudates 

These were produced experimentally by injecting 1-5 ml. of 
turpentine into the pleural cavity of the goat, 0-2 ml. of turpentine 
into the pleural cavity of the rabbit and 50 ml. of sterile 0-9 per cent, 
saline into the peritoneal cavity of the guinea-pig. In aU cases the 
animals were killed 24 hours later, the exudate collected, freed from 
cells and deproteinised with acetone and pyridine as described for 
protein digests by CuUumbine and Rydon. 

The rabbit turpentine exudate contained free tyrosine and leucine, 
with or without isoleucine, valine, proline, arginine and glycine as 
demonstrated by paper partition chromatography. It possessed 
permeability-increasing and leucocyte-attracting properties and on 
bringing to 50' per cent, saturation with ammonium sulphate yielded 
a precipitate which contained all the permeability and leucocyte- 
attracting activity. 

The guinea-pig saline exudate contained free tjnrosine, phenylalanine 
and leucine, with or without isoleucine and valine as demonstrated 
by paper partition chromatography. It possessed weak capillary- 
• permeability-increastng activity and also the power of inducing 
leucocyte emigration. Ammonium sulphate fractionation was not 
performed. 

From the goat, 70 ml. of turbid fluid containing largo numbers of 
leucocytes were obtained yielding 80 mg. of precipitate on bringing 
to 75 per cent, saturation with ammonium sulphate after deproteimsa- 
tion. This material was partially soluble in water and the solution. 
or suspension was surface active, as were the other two exudates 
described above. The ammonium sulphate supernatant showed no 
surface activity. On paper partition chromatography the precipitate 
was seen to contain no free amino acids. On acid hydrolysis, it yielded 
tyrosine, phenylalanine and leucine, with or without isoleucine, valine, 
histidine, glycine, serine, glutamic acid and aspartic acid; it was 
found to possess five amino acids per average peptide chain. 

The ammonium sulphate precipitate induced increased capillary 
permeability at dilutions down to 1 per cent,, and polymorph emigration 
and endothelial swelling down to 2 per cent. 
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Experimental bums 

Anjcathetiscd rats woro shaved and a tcst-tubo containing water 
at 80° C. was hold in contact with tho abdominal slun for 90 seconds 
and tho time of appearance of increased permeability to trypan blue, 
previously injected intravenously, determined. In other rats skin 
sections were taken at various intervals and leucocyte emigration and 
endothelial swelling looked for. 

Increased permeability appeared immediately and reached its 
maximum within 6 mins., the dye diffusing out vddely from tho 
burnt area. Leucoc}d-o emigration and endothelial swelling did not 
appear until half to one hour later. At half an hour blood stasis 
seemed to have begun, judging from tho fixed sections. Slacroscopio 
ovidonco of accumulation of fluid in tho sldn was not apparent for 
an hour. 

Discussion 

That inflammation is accompanied by o\ddonce of tissue breakdown 
has long been knoivn, but until IMenldn was able to reproduce some 
of the changes of acuto inflammation ndth cell-free preparations of 
inflammatory exudates obtained from tho pleural cavities of dogs 
bv the injection of turpentine its possible significance was not realised 
(Opie, 1922). 

Mcnkin (193G), after observing that tho active principle was 
precipitated with tho albumin fraction of tho exudate by ammonium 
sulphate and that it was dialysablo, went on to devise a scheme for 
its extraction (Monkin, 1938). This involved extraction with p 3 rridine 
and acetone followed either by extraction with butanol or separation 
of tho active principle from tho acetone supernatant at — 20° C. In 
both cases the product was claimed to bo crystalline although not 
to bo pure. In 1939 Duthio and Chain had tho opportunity of 
examining a specimen of Menldn's product, which ho had dubbed 
" leucotaxino and reported it te be amorphous, although otherwise 
as the author had described it. 

Apart from some possible removal of fatty material by the solvent 
pyridine, the acetone/p^nridino extraction was in fact simply a de- 
pro teinisation, tho extract containing several free amino acids and 
large quantities of inorganic and probablj’- of carboh 3 ^dtato material 
besides the active principle. Since the latter comprises material 
both soluble and insoluble in water tho ability of Menldn to produce 
both butanol- and water-soluble fractions can be understood, as tho 
water-insoluble active material can be extracted hy prolonged sliaking 
with organic solvents including butanol. Duthie and Chain suggested 
that this property of solubility in butyl alcohol was imparted by 
combination of the active material with lipoids and the results of 
chromatography, particularly on the alcohol-soluble fractions of the 
peptic digest of fibrin, support this. 
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A. CTystallinB TiigJie/r peptide 

Mr N. M. Green of the department of chemical pathology kindly 
gave me a sample of crystalline beef-pancreas trypsin inhibitor, a 
peptide with a molecular weight of the order of 6000 according to 
JMorthrop. This material increased capiUary permeabihty in the rat 
at concentrations down to 0-005 per cent, and induced leucocytic 
emigration and endothelial swelhng at a concentration of 0-4 per cent. 
Trypsin inhibitor is quantitatively precipitated by 75 per cent! 
saturation with ammonium sulphate. 


Inflammatory exudates 

These were produced experimentally by injecting 1-5 ml. of 
turpentine into the pleural cavity of the goat, 0-2 ml. of turpentine 
into the pleural cavity of the rabbit and 50 znl, of sterile 0*9 per cent, 
saline into the peritoneal cavity of the guinea-pig. In all cases the 
animals were killed 24 hours later, the exudate collected, freed from 
cells and deprotemised with acetone and pyridine as described for 
protein digests by CuUumbme and Rydon. 

The rabbit turpentine exudate contained free tjrrosine and leucine, 
with or without isoleucine, valine, proline, arginine and glycine as 
demonstrated by paper partition chromatography. It possessed 
permeability-increasing and leucocyte-attracting properties and on 
bringing to 50' per cent, saturation with ammonium sulphate yielded 
a precipitate which contained all the permeability and leucocyte- 
attracting activity. 

The guinea-pig saline exudate contained free t 3 u:osine, phenylalanine 
and leucine, with or without isoleucine and valine as demonstrated 
by paper partition chromatography. It possessed weak capillary- 
^ permeabihty-increasing activity and also the power of inducing 
leucocyte emigration. Ammonium sulphate fractionation was not 
performed. 

From the goat, 70 ml. of turbid fluid containing large numbers of 
leucocytes were obtained yielding 80 mg. of precipitate on bringing 
to 75 per cent, saturation with ammonium sulphate after deproteinisa- 
tion. This material was partially soluble in water and the solution 
or suspension was surface active, as were the other two exudates 
described above. The ammonium sulphate supernatant showed no 
surface activity. On paper partition chromatography the precipitate 
was seen to contain no free amino acids. On acid hydrolysis, it yielded 
tyrosine, phenylalanine and leucine, with or without isoleucine, valine, 
histidine, glycine, serine, glutamic acid and aspartic acid; it was 
found to possess five amino acids per average peptide chain. 

The ammonium sulphate precipitate induced increased capillary 
permeabrnty at dilutions down to 1 per cent., and poljmiorph emigration 
and endothelial swelling down to 2 per cent. 
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a poptido fraction has boon obtained containing an average of five 
amino acids per chain which can cause leucocytes to omigrato irom 
blood vessels and vascular ondotholium to swell with no corresponding 
eifect on vessel permeability to dyo particles. For these reasons the 
conception of “ loucotaxino ” as a single entity can no longo<^ bo 
entertained. The sum-total of the results of ammonium sulphate 
fractionation is to suggest that, from 8 amino acids per chain upwards, 
peptides produce changes in vessel permeability, leucocyte emigration 
and endothelial swelling ; while with five amino-acid residues or less, 
only the last two effects can bo achieved. It also seems that the 
largest peptides, udtii 14 amino-acid residues per chain, can accjuiro 
the property of being quantitatively precipitated at an iso-olectric 
point of pH 3*8 by evaporation to drymess, %vith no corresponding 
chango in tlioir biological properties. These findings cannot, of course, 
bo extended beyond the peptic digest of fibrin. 

Further evidence for the biological actions described being the 
property not of one, hut of a wide group of peptides, is provided by 
the results of the experiments with trypsin, whore it was shown that 
the same enzyme that liberated peptides active in the permeability 
test from proteins destroyed the permeability effect of peptides formed 
by the action of pepsin on those same proteins. This indicates that 
structural as well as chain-length differences are compatible with the 

Further support for this hypothesis is provided by the results with 
crystalline trypsin inhibitor. This is a polypeptide, said by Northrop 
to have a molecular weight around GOOD. It is of interest that, as 
well as having similar effects on vessel permeability and leucocytes, 
it has tho same order of activit}’’ as the poptido mixture saltod~out 
from tho peptic digest of fibrin. 

That penneability-increasing activity can ho destroyed by tiyT^iu 
while leaving leucocyte-attracting powers unchanged is a finding 
which tallies with the biological effects of tho ammonium sulphate 
supernatant of tho peptic digest of fibrin, since tho products of tryptic 
digestion are probably of tbo same order of chain length as tho peptides 
in tills fraction. On tho other hand, that peptides having all three 
biological properties have something in common is suggested by the 
quantitative precipitation by 50-75 per cent, saturation 'udth 
ammonium sulphate, which all such peptides so far studied have 
shown. This statement is true of peptic and trj^ptic digest of fibrin, 
albumin and gelatin and also of inflammatory oxudato. The most 
likely form for this similarity to take is one of chain length or molecular 
size ; quantitative differences such as exist between fibrin and gelatine 
peptic digests could be duo to variations either in amino-acid com¬ 
position, related to that of its parent protein, or to differences in tho 
number of peptides of tho appropriate chain length produced. 

The peptide nature of all tho active principles seems now to bo 
established. They are liberated from proteins by proteolytic enzyines ; 
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the active principle occupies the area on chromatograms taken up 
by higher peptides ; total disruption of peptide bonds by acid hydro¬ 
lysis totaUy destroys activity ; partial disruption of peptide bonds by 
commercial preparations of trypsin destroys the activity believed to 
be related to the larger fragments, i.e. the permeability effect; the 
active principles are soluble in the protein solvents, can be salted out 
between 10 and 75 per cent, saturation, can acquire the property of 
being precipitated at an iso-electric point, have been shoivn to be 
amphoteric by electrodialysis at varying pH levels, and are surface- 
active. Finally, a crystalline higher peptide, trypsin inhibitor, has 
been found to possess the biological properties under discussion. 

The active principle of inflammatory exudate possesses enough of 
these properties to make its peptide nature seem beyond doubt. Its 
formation is accompanied by definite evidence of protein breakdown, 
i.e. free amino acids are present in the exudate; it is quantitatively 
removed by salting-out; destruction of the peptide linkage by acid 
hydrolysis destroys its activity and at the same time liberates its 
constituent amino acids ; and it is surface-active. 

The dissociation of permeability effect and leucocytic and endo¬ 
thelial effects has been achieved by ammonium sulphate fractionation, 
by tryptic digestion, and by means of Anthisan. This dissociation 
seems to rule out the possibility that the leucocyte emigration is a 
side effect of the increase in the permeability of the vessel wall to 
particles such as dye. 

Although no preparation has been obtained able to attract poly¬ 
morphs which was not also surface-active, it has not been found 
possible to destroy the latter property without also destroying all the 
peptide links and reducing the substance to its constituent and inert 
amino acids. Nor is the failure of other powerful surface-active 
agents to induce leucoc 3 d;e emigration conclusive one way or the 
other. For want of definite evidence to the contrary it seems reasonable 
to suppose that peptides attract polymorphs from the circulation by 
virtue of a specific power of chemotaxis. 


!r/ie role of peptides in inflammation 

In the experimental burning of rats’ skin described, the increase 
in capillary permeability was immediate and extensive. The speed 
with which it appeared seems to rule out the possibility that peptides 
produced by tissue destruction could be responsible. These peptides 
as far as we know could only be formed by the action of proteolytic 
enzymes, liberated from ceUs or activated in serum, on ceUular and 
extracellular protein perhaps previously denatured by the initial 
insult Sueh a reaction could not proceed rapidly enough to yield 
peptides in quantity sufficiently large to effect an intense and immediate 

^^^The^peipetuation of increased vessel permeability, as seen by the 
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gradual accumulation of oedema fluid at the experimental burn sito 
and the delayed appearance of polymorph emigration and endothelial 
swelling there, are compatible with the formation and gradual 
accumulation of peptides in the tissues. Experimental burns of tho 
rabbit’s ear followed bj’’ means of tho Clark’s chamber technique do 
not jdcld real masses of pol^nnorphs until some hours have elapsed 
(Bangham, unpublished observation). Clearly the accumulation of 
leucocjdes in burned tissue is related to the gradual formation of 
some substance from tlio tissues thomsolves. Tboro is no evidence 
that tho products of fat and carbohydrate breakdoum are active in 
this respect, nor is inorganic material. Of protein breakdown products, 
only peptides between certain size limits have been found to roproduco 
the signs of inflammation. Both cells and serum contain protcol 3 dic 
enzj'mes of tho t^'pe ahle to jdeld these peptides. It seems reasonable 
to conclude that, at least in burning, tho changes of inflammation 
are partly related to tho formation of peptides at the site of injurj^ 

Tho inflammatory exudate produced in tho goat’s pleural space by 
turpentine is rich in potymorphs and exuded serum and contains a 
concentration of peptides of the order of 0*1 per cent. This level is 
adequate to maintain increased vessel permeability and to induce 
leucoc 3 d:o emigration. Moreover, tho concentration in tho tissues whence 
the potymorphs are derived, f.e. in relation to tho small vessels of tho 
pleura and lung, is probably a good deal higher. Tho peptides present 
are of tho order of chain length able to attract lcucoc 3 dos wliilo, if tho 
analogy of peptic digests of fibrin is applicable, their relative^ weak 
permeability effect can bo due to the presence of some longer peptide 
chains in tho precipitate anatysod, which is almost certainty a mixture 
of such peptides of different sizes. 

It seems that much evidence exists for regarding higher peptides 
as involved in producing some of tho changes of acute inflammation. 
Although onty the simple cases of bum and chemical inflammation 
have been considered in this paper, it is difficult to see how bacterial 
invasion could fail to contribute to the local concentration of peptides 
by virtue of tlio proteotytic onz 3 ’mos and' substrate protein of the 
organisms themselves. 

SnanuAKY 

1. The ability of certain enz 3 Tnic digests of proteins to reproduce 
some of tho features of acute inflammation, namely to increase capiflar 3 ’' 
permeability, to induce polymorph emigration from tho vessels and 
to cause vascular endothelium to swell, was investigated. 

2. The active principle of all such digests was found to be tho 
peptide fraction, and in every case to be salted out by 75 per cent, 
saturation with ammonium sulphate and to show surface activity. 

3. In tho case of a peptic digest of fibrin the biological properties 
described wore found to bo shared by peptides uith an average chain 
length of from 14 to 8 amino-acid residues. From the same digest 
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a peptide fraction was obtained which was able to induce polymorph 
emigration and endothelial swelling but had no effect on vessel 
permeability and whose average peptide chain contained only five 
amino acids. 

4. A pure crystalline peptide, pancreatic trypsin inhibitor, %vith an 
estimated molecular weight of 6000, was found to possess all three 
of the biological properties under discussion. 

5, !Por these and other reasons it is concluded that such properties 
are possessed not by one but by many peptides within certain limits 
of molecular size, and that the biological effect may vary with the 
length of the peptide chain. 

6. Experimentally-induced inflammatory exudate, in conformity 
with previous workers, was found to possess leucocyte-attracting and 
endothelial-swelling powers, and relatively weak permeability-increas¬ 
ing activity. In the case of turpentine-induced goat pleural exudate, 
the active principle of aU three properties was the peptide fraction, 
and probably a mixture of j)eptides whose average chain length was 
five amino acids. 

7. It is concluded that much evidence exists for peptides of the 
size discussed in this paper being partly responsible, as a result of their 
liberation at sites of tissue injury, for some of the changes of acute 
inflammation. 

ThanlvS are due to Professor G. It. Cameron, P.P.S., for advice and encourage¬ 
ment, and to Dr J. D. Judah for help and advice throughout this investigation; 
also to Dr C. E. Dent for advice on the tecliniques of partition chromatography 
and to Messrs D. V. Stocker and J. C. Godding for techmcal assistance. I am 
indebted to Mr A. Asta for the diagrams of paper chromatograms. The expenses 
of this investigation were met by a grant from the Graham Kesearch Fimd of 
the University of London and from the Agricultural Research Council. 
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EFFECTS OF AiJTEBIOIl HYPOPHYSIS HOHMOHES, 
ALONE AND WITH SOME OTHER HORMONES, 
ON AGEING FEMALE RATS 

V. Kobenoiievsky nnd SirsiLA K. Pahis 
From ihe Oxford Ocrontological Jlcscarch Umt^ Oxford 

(Pj:j\.tes XII-XAT!) 

The literature on the hormones of tho anterior lobe of t^io li^^pophysis 
(abbreviated in tho toxt as A.H. hormones) is voiy extensive. It 
has been well ro%ioved in tho boolcs b^’’ Burrows (1945, and 2nd cd,, 
1949) and Selyo (1947). In this paper it is only possible to refer to 
some articles closely related to the results of our experiments on 
female rats. 

In tho present experiments, tho relationship is'studied between 
the A.H. honnoncs and androstorono (male hormone naturally present 
in tho fotnalc organism), pcogestetoue, dcsoxycorticosterone acetate 
(referred to in tho toxt ns desoxj^corticostorone) and thyroid hormone. 

An investigation of tho simultaneous effects of different hormones 
is important for various reasons. (1) In tho organism, all hormones 
are secreted simultancousl 3 \ (2) Somo hoimones bccomo effective 
or their unfavourable effects are neutralised onl^’^ in co-operation with 
certain other hormones. (3) Unless thero is dofinito evidence of a 
single dehcioncy, therapeutic treatment with one hormone only might 
produce artificial hj^persecrotion of tho respective hormone and so 
cause a dangerous upset in tho hormonal balance. 

Experiments wore performed on SO normal female rats aged 
about 17 months. At this ago rats have already started to show 
symptoms of agemg. For example, they begin to lose tho smoothness 
and lustre of the fur, they show a considerable degree of relative 
hypoplasia in some organs (ICorcnchovsky, 1942 ; Korenchevsky and 
Jones, 1946) and they become less agile. 

Teciiniqiti: 

The duration of tho experiment was 42 days. A.H. extract from bovmo 
pituitanes, prepared m the form of a powder by "Messrs Organon Ltd., was 
used. A considerable difficulty encountered m experiments with A.H. hormones 
IS the development m some cases of anti hormones whicl^neutralise tho 
specific effects. From this pomt of view, admimatration of different doses is 
helpful in the mtorpretation of the results. In tho present mvestigation two 
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doses of A.H. extract, 3 and 6 mg., were given .four times a week. Progesterone 
(2 mg. four times a week) was mjected as an oily solution. DesoxycortiLsterone 
was implanted subcutaneously m the form of sterile 25 mg. pellets prepared by 
Messrs Organon Ltd. Desiccated thyroid was given as a sweetened gum-acacia 
su^ension by pipette in doses of 65 mg. three times a week. The number 
and distribution of rats in the various groups is given in table I. 

The renal convoluted tubules were measured as paper replicas by the method 
previously described (Korenchevsky and Hall, 1944). 

The organs were fixed in Bonin’s fluid, embedded in paraffin and stained 
with iron htematoxylin and eosin. For fatty substances frozen sections were 
stained with Sudan black. 


All resydts were statistically analysed by Mr J. L. Nicholson of the Institute 
of Statistics, Oxford University, to whom we express our gratitude. The 
statistical results are expressed in P (probability) values. When two P values 
are given (e.g. P<0-05-0-0I) they varied in the different groups referred to, 
but lay on any figure between the limits quoted. 


Experimental findings 


Changes in body iveight and fat deposition 


A statistically significant increase in body weight was obtained 
only with combinations containing androsterone (table I, cols. 7, 
8 and 9 ; P<0-05-0'01). This result confirms previous observations 
(Korenchevsky, Dennison and Levy Simpson, 1935 ; Korenchevsky, 
Hall and Burbank, 1939 ; Korenchevsky and Jones, 1946). 

In spite of the absence of any significant changes in body-weight, 
a definite decrease of fat deposition (as judged by the amount of 
abdominal fat) was found in the groups treated simultaneously with 
A.H. extract, progesterone and thyroid hormone (cols. 6 and 11 ; 
P<0-02-0-01), or with A.H. extract and desoxj’^corticosterone (col. 7 ; 
P<0-05). Thus, in agreement with our previous observations, indicates 
that, whereas the metabohsm of fat tissue was increased, in other 
tissues and organs the catabolic processes predominated over the 
anabolic. 


Changes in the ovaries 


The effects of the anterior hypophysis on the ovaries are due to 
three hormones (1) follicle-stimulating (FSH), (2) luteinising (LH, 
also defined as interstitial-ceU-stimulating) and (3) luteotropic (LTH, 
also caUed prolactin). They produce respectively (1) development 
of follicles, (2) formation of corpora lutea and stimulation of interstitial 
cells and (3) preservation of corpora lutea, stimulation of their secretion 
(progesterone) and, in the mammary glands, milk secretion. 


Excessive doses of the A.H. hormones might produce pathological lesion 
in the ovaries namely ovarian cysts (Burrows, 1945, p. 25), or atrophy of the 
fowLs and corpora iLa with subsequent extensive development of mterstitml 
foUicies i ,. ,g,Q, Thyroid hormone mcreased the weight of the 

tissue (1929), Korenchevsky, Hall and Clapham 

(Sfand -”0 ov.™, W.i.h.rt 
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EJfccls of androgemc» thyroid and anterior hypophysis hormones, proQCstcroiKi nnd dcsoxycorlieoeterone acetate 
on weights of organs of ageing female rats 
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and Boyd (1933-34) rewrded development chiefly of the corpora lutea, while 
ui the e^eriments of Korenehevsky, Paris and Benjamin (1950) small doses 
of thyroid homone mOTeased the number of corpora lutea or follicles or both. 
Pli^a^ (1934) and Tyndale and Levin (1937), using apparently toxic doses 
of thyroid hormone, found a decrease in the weight of the ovaries. A depressing 
effect of toxic doses is typical for this homioiie. 


Large doses of progesterone and desoxycorticosterone acetate, according to 
Selye and Priedman (1940), produce ovaries that are atrophic or of about normal 
size. They have atretic follicles, but may contain some enlarged corpora lutea. 


In the present experiments with A.S. extract, ovarian hypertrophy 
was obtained (table I). It was, however, statistically significant 
only with a large dose (P<0-00I). The “not significant ” effect of 
a small dose of A.H. extract became significant (P<0-02) when thyroid 
hormone was administered simultaneously (table I, col. 4). This 
cooperative stimulating effect was counteracted by the simultaneous 
administration of progesterone (table I, cols. 5 and 11). An apparent 
increase in weight of the ovaries observed in some other groups was 
not statistically significant. 


Histologically in most of our control rats fully developed ovaries 
were observed, with mature follicles and corpora lutea, and numerous 
cells of the interstitial gland well loaded with lipoids (fig. 1). In one 
rat only, premature ageing of the ovaries was observed: most of 


the follicles and corpora lutea were in various stages of atresia, which 
is typical for ovaries of older (senescent) rats. 


In the treated groups, various degrees of depressed development 
of the follicles and stimulation of the corpora lutea were present in 
all rats which received A.H. extract, alone or in combination with 


other hormones, androsterone excepted. Depression of the follicles 
was expressed by a decrease in their number and size, immature forms 
of various grades being present. Stimulation of the corpora lutea 
resulted chiefly in an increase in their number, more rarely in size 


(figs. 2, 3, 5 and 6). 

Tn the rats injected with both androsterone and A.H. extract, not 
only was the development of the follicles depressed (fig. 6), but, 
exceptionally, that of the corpora lutea as well (fig. 4). In such cases 
general atrophy of the ovaries was present. This efiect should be 
explained by the well-established depressing action of androgens on 
the gonadotropic secretion of the hypophysis, and, through this, on 
the ovaries. Even the average weight of the ovaries in these “ andro¬ 
genic ” groups showed that in most rats such atrophjdng action of 
androgens was prevented by A.H. hormones. Eig. 3 shows that the 
stimulating effect of the A.H. hormones could not only neutralise 
but might even predominate over the depressing androgenic effect. 
No definite effect of desoxycorticosterone was observed in the ovaries. 

Comparison between figs. 2 and 5 shows that progesterone lessens 
the hypertrophying effect of A.H. and thyroid hormones ; the corpora 
lutea become less numerous and most of them smaller. 

Thus the main results obtained can be summarised in three 




Platk XII 

Hferaatoxylin and eosin, x 12 

Fig. 1.—Control rat. Xormal structure of ovary, containing both follicles and corpora 
lutea. Wt. of ovaries 77 mg. 

Fig. 2.—Rat treated with A.H. extract (3 mg.) and thyroid hormone. Better developed 
ovary, with more numerous and some larger corpora lutea. The most nearly 
normal structure as compared with that in figs. 1 and 3-6. Wt. of ovaries 131 mg. 

Fig. 3.—^Rat treated with A.H. extract (3 rag.) and androsterone. The atrophying 
“ androgenic ” effect has been counteracted by the hypertrophying action of 
A.H. hormones. Wt. of ovaries 110 mg. 

Fig. 4.—^Rat treated with A.H. extract (3 mg.), androsterone and desoxycorticosterone 
acetate. Atrophic ovary with considerable increase of fibrous tissue. In tliis 
case A.H. hormones failed to neutralise the atrophying effect of androsterone. 
AVt. of ovaries 66 mg. 

Fig. 5.—^Rat treated with A.H. extract (6 mg.), progesterone and thyroid hormone. 
A smaller and histologically less well-developed ovary than in fig. 2, consisting 
almost entirely of corpora lutea. Wt. of ovaries 46 mg. 

Fig. 6.—^Rat treated with a large dose of A.H. extract (6 mg.). Hypertropliic ovary, 
consisting almost exclusively of corpora lutea. Wt. of ovaries 146 mg. 
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conclusions(1) Tho A.H. extract used contained chiefly hitoinising 
and lutcotropic hormones, but not the follicle-stimulating ono ; (2) 
it was nhlo to noutraliso and in some cases oven to prodominato over 
tho depressing oflect of androgens on tho ovaries; (3) a synergistic 
relationship was obsorvod between A,II, hormones and thyroid 
liormono. 

Changes in the 'uiertta 

A definite change—a decrease in tho weight of tho uterus—^was 
observed only in tho groups treated simultaneously with progesterone, 
thyroid hormone and A.H. extract, in both small (P<0’01) and largo 
(P<0*001) doses (table I, cols. 5 and 11). 

Histologically, with A.H. extract alone, at both dosage levels, 
tho uterus was in tho dicestriis condition in all rats except ono, which 
showed the progestational structure. 

Various degrees of progestational changes wore found in most rats 
receiving progesterone in combinations with other hormones. Com¬ 
parison of tho group “ progesterone-}-thjToid hormone ” with tho 
group “ progestorono-t-thyroid hormone-{-A.H. extract ” showed 
considerably more pronounced progestational changes with tho latter 
combination of three hormones. This indicates that A.H, hormones 
increased tho progestational oifect of progesterone on tho uterus. 

in all androsterono combinations dioestrus was tho usual condition 
of the uterus. In previous experiments it was found that androsterono, 
by depressing tho gonadotropic function of tho hypophysis, produces 
a decrease in tho Bb.o and weight of tho uterus (Koronchovaky, Paris 
and Benjamin). In the present experiments this androgenic effect 
was not significant in any combination ^vith A.H. extract (table I, 
cols. 7 and 8) and dcsoxycorticostorono (col. 8), since these hormones 
apparently neutralise tho depressing action of androsterono. As in 
previous experiments (Korenchevsky, Hall and Clapham), no definite 
effect of thyroid hormone on tho uterus of normal rats was obsorvod. 
Previously, however, its slightly stimulating action on tho uterine 
epithelium and myometrium in ovarioctomised rats was recorded 
(Korenchevsky and Jones, 1947). 

In transverse sections of the uterine horn, in the region of greatest 
diameter, the thickness of the mucosa and myometrium was measured 
by ocular micrometer and their ratio ascertained in all rats in the 
present experiment. This ratio in control rats was, on tho average, 
2*22. It was only slightly loss (1*8-2*04) in all rats receiving andro- 
sterone or desoxycorticosterone in tho combinations used. 

In tho animals receiving A.H. extract, alone or with thyroid 
hormone or progesterone or both, and also with the combination of 
progesterone and thyroid hormone only, this ratio was definitely 
smaller, ranging from 1*33 to 1*66. Therefore with all these latter 
combinations the development' of tho myometrium was relatively 
more pronounced than that of the mucosa. 
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Changes in the vagina 

e^eriments androsterone was found to have a hypertrophyina 
ffect on the vagina m ovanectomised rats (Korenchevsky, Hall and Eubank • 

rat7(korenchevst;^Ss 

Weiohert and Boyd produced progestational mucification in the vagina of 
rats treated with large doses of thyroid hormone. Korenchevsky, HaU and 
Claph^, however, observed the usual cyclic changes in the vagina, ranging 
from diOBStrus to oestnis, and only exceptionally—in 2 out of 34 rats—the first 
incomplete stages of mucification. 


In the present experiments, although in almost all the treated 
rats the weight of the vagina was greater than in the controls, it was 
statistically significant in one group only, namely that treated 
simultaneously with a small dose of A.H. extract, androsterone and 
desoxycorticosterone (table I, col. 8 ; P<0-02). With A.H. extract 
alone, about half the treated rats showed varjdng degrees of pro¬ 
gestational mucification of the vaginal epithelium ; in the remainder 
dioestrus was present. It is noteworthy that, in spite of the luteinising 
effect of A.H. extract on the ovaries, progestational changes in the 
uterus were present in 2 out of 13 rats and in the vagina in about 
half of the animals only. In all rats, however, to which progesterone 
was given in various combinations, vaginal mucification was found, 
confirming previous results. While the addition of desoxycorticosterone 
to the other hormones injected had no definite effect, androsterone 
intensified the vaginal mucification in combination with the A.H. 
extract. 


Changes in the female preputial glands 

The hypertrophying effect of androgens on the preputial glands has been 
described by several workers, confirming the results obtained by Korenchevsky, 
Dennison and Levy Simpson, and Korenchevsl^y, Hall and Burbank. It has 
also been recorded after injection of progesterone (Selye, 1940a) and A.H 
extract (Selye and Clarke, 1943). Hypertrophy of these glands was often 
observed in rats after the administration of tliyroid hormone, but, because 
of its inconsistency, was not statistically significant (Korenchevsky, Hall and 
Clapham ; Korenchevsky, Paris and Benjamin). 


Tn the present experiment the weight of the preputial glands was 
greater than in the controls in all the treated groups, but statistically 
significant hypertrophy was only found with combinations containing 
androsterone (P<0.001), and with A.H. extract+thyroid hormone+ 
progesterone {P<0-01-0-001). Since these latter hormones had no 
significant effect separately, a synergistic effect on the preputial glands 
is indicated. 


Changes in the adrenals 

Atrophy of the adrenals after the injection of androgens has been repeatedly 
observed in spayed rats (Korenchevsky, Denmson and 

Korenchevsky, HaU and Burbank, 1939 ; Korenchevsky and Hall, 1940, 
Korenchevsky and Jones, 1946), but in normal rats, only on prolonged admin¬ 
istration (Korenchevsky, Paris and Benjamin, 1950); it was not found aft 




Plate XHI 

Outer part of cortex, "with (from top to bottom of photographs) fibrous capsule, 
zona glomerulosa, demarcation zone and tipper part of zona faaciculata. Hjema- 
toxylin and eosin. X 225, 

Fig. 7.—Control rat. Normal structure. Adrenals 65 mg. 

Fig. 8.—Rat treated with androsterone and desoxycorticosterone acetate. Depletion 
of lipoids in narrower zona glomerulosa, widened demarcation zone and decrease 
in size of cells and some nuclei in zona fasciculata. Adrenals 43 mg. 

Fig. 9.—^Rat treated with A.H. extreict (3 mg.) and androsterone. Changes similar 
to those in fig. 8, but demarcation zone is wider. Adrenals 55 mg. 

Fig. 10.—Rat injected with a large dose of A.H, extract alone. Structure of adrenal 
similar to that of control rats, but cells of zona fasciculata smaller. Adrenals 
55 mg. 

Fig. 11. —^Rat treated with A.H. extract (3 mg.), progesterone and thyroid hormone. 
Hypertrophied adrenal, but structure similar to that in fig. 10. Adrenals 90 mg. 

Fig. 12.—^Rat treated with A.H. extract (3 mg.) and th 3 rroid hormone. Adrenal 
‘ enlarged, but histologically similar to controls. Adrenals 68 mg. 
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& short treatment of, for example, three weeks’ duration (Korcnclievsky, 
Dennison and Hall, 1937a and b). Atrophy of these glands has also been 
recorded after administration of verj’ largo doses of progesterone and dosoxy- 
cortioostorone acetate by Sclyo (19406), but not by Forster cl al. (1940), while 
Kimeldorf and Sodcnvall (1947) obscrv’cd hypertrophy after the administration 
of moderate amounts of progesterone. 

Hypertrophy of the ndrenols was obtained after the treatment of rats with 
thjToid hormone (Hoskins, 1910 ; Cameron and Carmichael, 1921 ; Koren- 
chovsky. Hall and Clapham, 1943 ; Koronchovsky and Jones, 1940, 1947 j 
Korencho^*sky, Paris and Benjamin, 1950). It is the cortex only which shows 
these atrophic or hj’pcrtropluc changes (Korenchovslcy and Jones, 1947; 
Ivorencljo\’sIcj% Paris and Benjamin, 1950). 

The presence of a corticotropio liormono in the anterior liypophysis and 
its extracts has now been well established and the substance has boon isolated 
in pure fonn. Provided there is no counteraction by anti-hormono, cortico* 
tropic hormone in A.H. extracts produces hj-pcrtrophic changes in the adrenals 
(Selyo and Clarke, 1943 ; Bergner and Deane, 1048 ; Dontigny et at., 1948). 

In tlio present experiments, A.H. extract alone, at both dosage 
levels, produced only statistically non-significant enlargement of the 
adrenals (table I). Histologicalty, however, the cortical cells wore 
smaller (fig. 10) than in the control rats (fig. 7). Since the weight 
of the adrenals was not reduced, the increased number of cells should 
bo explained as a hyperplasia produced by tho adrenotropic hormone 
present in tho A.H. extract used. 

In combination with thyroid hormone (table I, cols. 4, 5 and 11) 
a statistically significant hypertrophy of tho adrenals was obtained 
(P<0*01-0'001). It had pre\riously been found (Koronchovsky and 
Jones, 1946) that, in the small doses used in this experiment, th 3 Toid 
hormone alone did not cause significant hjrportrophy of tho adrenals. 
There is therefore evidence of a synergistic action of thyroid hormone 
and A.H. hormones on the adrenals. Histologically (fig. 12), although 
tho cortical cells of these adrenals are larger than those with A.H. 
extract alone, they do not approach tho size of tho colls in the control 
rats. With these combinations of hormones also, therefore, hyper¬ 
plasia and not hypertrophy of tho cortical colls was tho cause of tho 
adrenal onlargemont. 

Tho depressing effect of desoxycorticosterone, observed by Setye, 
was not found in the present experiments. Tho depressing effect of 
androgens on tho adrenals, previously observed by us, 4 vas again 
found in the present experiments (P<0-001'; table I, cols. 7, 8 and 9). 
The simultaneous administration of A.H. hormones or desoxycorti¬ 
costerone did not neutraUse this effect (figs. 8 and 9). Depletion of 
lipoid granules in the zona glomerulosa and wdening of tho demarca¬ 
tion zone were observed in the adrenals of the rats treated with 
hormonal combinations containing androsterone (figs. 8 and 9). 

Changes in the thyroid 

The presence of thyrotropic hormone in tho anterior hypophysis is w-ell 
established. In A.H. extracts it is responsible for the stimulation of tho growth 
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hormonal secretion of the thyroid gland. In previous papers (Korenchevslcy 
Hall and Clapham, 1943 ; Korenchevsky and Jones, 1946, 1947, 1948) the 
hterature refe^ing to the action of androgens, progesterone and thyroid hormone 
on the thyroid gland and the results of their own experiments on the subject 
have been given. It was found that androgens and progesterone stimulate, 
wniie tnyroid hormone depresses the th 3 a’oid gland. 


In the present experiments an increase in the weight of the thyroid 
was observed in aU the treated groups, but this did not attain statistical 
significance. Histologically, in control rats, a slightly active condition 
of the thyroid was observed, vnth cubical or shghtly higher epithehum 
and for the most part with a medium amount of colloid (fig. 13). 
The depressing efiect of thyroid hormone could not be neutrahsed 
by progesterone (fig. 14). 

The stimulating effect of A.H. extract was evident only with large 
doses, which considerably reduced the amount of colloid in the 
follicles and also neutralised the depressing effect of the thyroid 
hormone (fig. 16). In 4 out of 7 rats receiving aU three hormones, 
the thyroid gland was even more active (fig. 16) than in the control 
rats (fig. 14). This demonstrates the overwhelmingly powerful effect 
of thyrotropic hormone in relation to the effect of the thyroid hormone 
(in certain doses) on this gland. The stimulating effect of androsterone 
on the thyroid was observed in most rats treated with combinations 
containing this hormone (fig. 15). This is in good agreement with 
our previous results. In 6 rats notable hyperplasia of the thyroid 
epithehum was observed. These pathological alveoh (figs. 17 and 18) 
consist of sohd nests of cells of uneven size and shape, with granular 
cytoplasm staining bluish vith hEematoxyhn and tending to form a 
syncytium. The nuclei are vesicular and usually larger than those 
of normal thyroid cells. These structures were observed after treat¬ 
ment with various hormones. In our other experiments (Korenchevsky, 
Paris and Benjamin) on considerably older (senescent) rats treated 
simultaneously with sex and thyroid hormones, these structures 
developed into frank adenomata affecting a part or the whole of the 
gland (figs. 19, 20 and 21), with cellular anaplasia (figs. 20 and 21). 


Changes in the 'parathyroids 

In the control and most of the treated animals the histological 
structure of the parathyroid glands was normal. In 7 cases, however, 
the fibrous tissue of the glands was slightly increased; namely in 
one rat treated with progesterone and thjwoid hormone, in one treated 
-nith androsterone and desoxycorticosterone, in one receiving A.H. 
extract, progesterone and thyroid hormone simultaneously and m 
rats receiving A.H. extract, androsterone and desoxycorticosterone 
simultaneously. Our experiments on older rats (Korenchevsky, Pans 
and Benjamin) suggest that an increased developnaent of fibrous 
tissue is one of the features of ageing of the parathyroids. 




Plate XIV 

Haematoxylin and eosin. x 160. 

Fig. 13,—Control rat. Cubical or slightly higher epithelium ; mostly medium amount 
of colloid in the follicles. Thyroid 16 mg. 

Fig. 14.—^Rat treated with thyroid hormone and progesterone. Flattened epithelium 
and increased amount of colloid, typical of depressed thyroid. Thyroid 17 me. 

Fig. 15.—Rat treated with androsterone and desoxycorticostorone acetate. Very 
active thyroid, with high epithelium and very little colloid in follicles. Thyroid 
20 mg. 

Fig. 16.—Rat treated ^vith A.H. extract, thyroid hormone and progesterone. 
Epithelium similar to that of control rats, but amount of colloid much reduced. 
Thyroid considerably more active than in'fig. 14. Thyroid 18 mg. 

•IG. 17 and 18.—Small hyperplastic structures, with formation of solid alveoli, of 
epithelium in the thyroid of rats treated with A.H. extract, progesterone and 
thjToid hormone (fig, 17), and witli androsterone and desoxycorticosterone (fig. 18), 
Thyroids 21 and 20 mg. respectively. 
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In contrast to this pathological change, in one rat recennng 
progesterone and thyroid hormone, the parathyroids wore especially 
active as judged by the larger size of the colls and tho presouco of 
mitoses jMitoses, howoior, noro not ohsoned in tho other rats of 
the same group, nor in animals of other groups 

Changes tn the thymus 

Tho literature on the subject and our own results on tho offect of androgens 
in increasing involution of tho tiijTnus have already been given (Ross and 
Korcnchovskj, 1941) Similar effects of progesterone m combmation with 
ocstradiol havo also been recorded (Korenchovsky and Jones, 1048) TIio 
effects of desoxycorticosterone and AH hormones were insuCTieiently studied 
and havo so far given contradictorj results No defmito or constant effect 
was obtained with thyroid hormone (Korenchovsky, Hall and Clapham, 1943 , 
Korenchovsky and Jones, 1940, 1048) 

In tho present oxponmonts, A H extract alone, in both doses, 
did not produce any ofToct on the weight of tho thymius, hut m 
combmation v\ith thynroid liormone (table I, cols 4, 5 and 11), a 
statistically significant (P<0 02 0 001) delay m tho imolution of the 
thymus vsas observed Ehstologically this ^vas confirmed by the 
larger size of the thymic lobules and the smaller amount of fibrous 
and adipose tissue between them With the other hormonal com 
binations used no significant changes w ere found in the weight of tho 
thymus Histologically, in rats treated with nndrostcrone and 
desoxycorticosterono simultaneously, greater atrophy of the tliymus 
was observed than m tho control rats, namely smaller lobules, with 
a greater amount of fat and fibrous tissues Few and \ery small nests 
of hyperplastic thymic opithohal cells were observed in some of tho 
rats treated with the combinations which included thyroid hormone 
or desoxycorticosterone These hyperplastic structures, though of 
more pronounced degree, ha\o previously been described by us m 
detail (Ross and Korenchevsky) and confirmed by^ Plaggo (1944) 

Changes in the liver 

Hypertrophy of tho liver was obtained in rats after tho administration of 
AH extract by Best and Campbell (193G), Leo and Freemnn (1940), Cameron 
and Carmichael (1941) and Selye and Clarke (1943) Leo and Freeman counted 
liver cells and found that thoir hyperplasia was responsible for this enlargement 
of the liver Best and Campbell found that AH extract increased Uver fat 
considerably, while decreasing general body fat Tliereforo tho enlargement 
of the liver might bo clue partly to tho fat increase m tho organ 

Riddle and his co workers (Bates et al, 1937) produced liepatic hypertrophy 
in pigeons by lactogenic A H hormone Li et al (1949) did not find this in rats 
Progesterono m combmation with small and moffoctivo doses of thyroid 
hormone or oestradiol, and androgens, also produced liver hj^pertrophy m 
ovanectommed rats, less constantly in normal rats (Korenchovsky and co 
workers 1935, 1937a and 6, 1939, 1946, 1947, 1948 1950) 

Thyroid hormone is also an effective hopatotropic factor in both normal 
and ovanoctomised rats (Korenchev sl^ and co worljers, 1943, 1944, 1946) 
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The effect of desoxycorticosterone was studied by Games ct al. ( 1941 ) and 

( M6) rto oould fi„d a«y change, fa the Uver even by Lfag 
large doses of this hormone. ^ 


In the present experiments, statistically significant hj^iertrophy 
of the Uver (P<0-02) was obtained after administration of A.H. 
extract in large but not in small doses (table I, col. 11). When,. 
hoWever, the small dose was given simultaneously with thyroid 
hormone, with or without progesterone, the hypertrophy became 
significant (P<;0'01 ; cols. 4 and 5). With this combination the 
larger doses produced the greatest increase in weight of the liver 
(P <0*001 ; col. 11), A.H. extract in combination with desoxy*- 
corticosterone or androsterone, or the latter hormones alone, produced 
no significant enlargement of the liver. 

A synergistic relationship between A.H. and thyroid hormones is 
indicated by the absence of significant hepatic hypertrophy with a 
combination of progesterone and th 3 Troid hormone (table I, col. 2),. 
wliile a significant hypertrophy was obtained after the addition to* 
this combination of a small dose of A.H. extract (col. 5). Previously 
it had been found that such small doses of thyroid hormone as wero 
used in the present experiment do not produce definite liver hyper¬ 
trophy (Korenchevsky and Jones, 1946, 1948), but the larger doses 
do (Korenchevsky, Hall and Clapham, 1943). Thus small and com¬ 
paratively inactive doses of the hormones of the anterior lobe and 
thyroid exert a definite synergistic action when apphed together. 

Comparison of photomicrographs of the liver cells in various, 
groups demonstrates definite enlargement in two groups only:—^in 
rats injected simultaneously with a small dose of A.H. extract and 
thyroid hormone and in rats injected with a large dose of A.H. 
extract. Therefore the hypertrophy of the liver observed in our 
experiments should be due chiefly to hyperplasia and not to hyper¬ 
trophy of the cells. 

Two kinds of pathological change were observed. (1) Small and 
infi’equent foci of round-cell infiltration were recorded, usually around 
small blood vessels, in approximately equal numbers in both control 
and treated groups. (2) Pocal hyperplasia of the smallest bile ducts 
was observed in 9 rats treated Avith various hormones (table III, 
p. 125). Tliese hyperplastic foci were minute in size, consisting of 
clumps of 4-7 tubules. Only one or two foci were found in whole 
sections of smaU lobes of the liver. These small foci and some of 
larger size (fig. 22) were occasionally or even fi’equently found in 
normal untreated rats at the more advanced age of 20-28 months 
(Korenchevsky, Paris and Benjamin). Most probabty they are a 

feature of old age. -i - xu i 

Histologically similar structures have been observed m the iiuman 

liver and, when developed, have been described as multiple adenomata 
of the bhe ducts (Ewing, 1940, p. 750). Transitions to cystadenoma, 
or adenocarcinoma may occur. 
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Pl*ATi3 XV 


Tiivnom adi so^tA axd imTUPLAstA of kiipatic hilt: ducts 







Plate XVI 


Haematoxylin and eosin 

Pig. 1^3,—Untreated control rat, Xormal structure of exocrine acinar tissue* 

Pig. 24,—Pat treated with. A.BC. extract 3 m g, and thyroid hormone, X185, 

Pig. 25.—Pat treated with A,H. extract 6 mg,, progesterone and thyroid honnone, 
X185, 

Fig. 26.—^Rat treated with A.H. extract, androsterone and desoxycosticosterono 
acetate. X185, 

In figs. 24-26 the number of larger acini with larger cells is increased as compared 
with that in the control rat (fig. 23). 

Pig. 27,—^Rat treated with A-H, extract 3 mg. and desoxycorticosterone acetate. 
At the top, right-hand side, and in the right-hand bottom comer, normal exocrine 
' acinar tissue. In the left-hand bottom comer, part of a normal islet of Langerhaus* 

Between these normal tissues, a triangular area shows transition from normal 
exocrine acini into widely luminated acini lined by smaller flattened cells^ evenly 
and faintly stained, with smaller and usually flattened nuclei containing 
chromatin than the normal cells. X185. 

^iG. 28,—^Rat treated with A.H. extract, androsterone and desoxycorticosterone 
acetate. Three lobules present an adenoma-like transformation, with comparatively 
few acini still in the transitional stage. There is slight round-cell infiltration. 
In the right-hand bottom comer there is a small portion of normal pancreatic 
tissue. X 66. 




Plate XV 
Hfematoxylin and eosin 

I^iG. 19. Pomale rat, aged about 27 months, treated with testosterone propionate. 
Zn rats the th 3 ^oid consists of two large lobes, right and left, joined by a very 
narrow thin isthmus. An adenoma has transformed nearly the whole of the right 
lobe, leaving a few normal follicles on the right-hand side and top edges, recognis¬ 
able by their normal colloid content, x 40. 

Fig. 20 and 21.—Another female rat, about 27 months old, treated with progesterone, 
oestradiol B.B. and thyroid hormone. An adenoma has spread through the whole 
lobe. The photographs (x 140), taken from two different parts of tlie tiunour, 
show that the follicular arrangement, although distorted, is partly retained, 
partly broken (fig. 20), with the cells spreading irregularly in all directions. Colloid 
remains in four places in fig, 21. Cells and nuclei are of various sizes and shapes. 
In places the structure resembles that of a spindle-cell sarcoma. Tliyroid 26 mg. 

Fig. 22.—Liver of control intact male rat aged about 21 months. Amongst the 
normal hepatic parenchyma are two portal tracts showing well-marked bile-duct 
hyT^erplasia. xllO. 
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Changes in the kidneys 

Wilkins ct al, (1035) and Cameron and Carmichael (1041) produced renal 
hypertrophy by tho injection of A.H. extracts. Selyo and co-worltors (Selyo 
and Clarke, 1043 ; Selyo and Pentz, 1043 ; Hall ct al., 1040; Dontigny ct al., 
1948) also produced hypertrophy of tho kidneys, but at tho same timo sovero 
neplirosclorotio lesions, ■when very largo doses of A.H. extracts or desoxy- 
corticosterono acetate vrero injeoted into rats. Reiss (1044) found degonorativo 
and necrotic lesions within 12 hours of tho injection of a largo doso of the 
corticotropic A.H. extract. 

Contrary to tho observations of Selyo and co-workers, Forster ct al. (1040), 
after tho daily injection of rats with 2*5 mg. of dosoxycorticostorono for 87 days, 
t.e. large doses, found only slight degenerative changes in somo tubules and 
an increase in hyaline and granular casts, Carnes ct al, (1941), in a similar 
experiment, found no lesion in tho kidneys. 

Korenclio\’skj'' and co-workers, in tho papers mentioned in the section on 
tho liver, siunmarisod tho literature of tho subject and their own experiments, 
in which they observed considerablo hypertrophy of tho kidneys after the 
administration of androgenic and thjToid hormones and progesterone. Wiilo 
thyroid hormone produced this effect in both normal and ovarioctomised rats, 
androgenic hormones, and in particular androsterono, had much less etfect 
and sometimes no effect at all in normal intact rats. ^leasiu^ment of tho 
convoluted tubules and mitotic counts demonstrated that in tho treated rats 
the renal enlargement was a true h> 7 >ertrophy, being produced chiefly by over¬ 
growth of individual renal colls. 

In the present experiments, significant hypertrophy of the kidneys 
was not obtained with A.H. extract alone (table I, cols. 3 and 10) 
nor with a combination of progesterone and thyroid hormone (col. 2). 
When, however, these three hormones were administered together 
(cols. 6 and 11), or only A.H. extract and thyroid hormone (col. 4), 
a statistically significant hypertrophy (P <0*02-0-01) was observed. 
These data indicate a synergistic action of A.H. hormones with 
thyroid hormone on tho kidneys. 

Tho combination of A.H. extract and androsterono (col. 7) did 
not produce any effect on tho weight of tho kidneys, b\it 'with the 
addition of desoxycorticosterone (col. 8) there was a significant hyper¬ 
trophy (P<0*02). In tliis case a s 3 mergistic relationship was in 
operation between androsterone and desoxycorticosterone as the 
data in col. 9 indicate (P<0*05); especially, since a significant change 
was not obtained with the combination of A.H. extract and desoxy¬ 
corticosterone (col, G). 

Histological measurement of proximal convoluted renal tubules 
and their lumina by the method of paper replicas has shown that 
hypertrophy of the tubules was obtained, not only in the case of rats 
with significantly increased Iddnoy weights (table H, lines 4, 5, 8 
and 10), but also in those in which the increase in weight was not 
significant (lino 9 ; P>0*05). 

It is noteworthy that not only did the tubular cells become 
hypertropliied, but the tubular lumina also were significantly enlarged 
(P<0*05-0*01 *, tho groups in table H, lines 6, 9 and 10). These 
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measurements therefore indicate that the enlargement of the Iddneys 
in the respective groups was the result of a true renal hypertrophy. 

Table II 

EJfect of hormones on renal proximal convoluted tubules 
arid their lumina 


Groups 

Average eight (mg.) of paper 
replicas of tubules 

Xubulo without 
lumen 

Lumen 

1 Controls ....... 

5-46 

0*92 

2 Progesterone-fthjToid hormone . 

5*87 

1-44 

3 A.H. extract alone, 3 mg. .... 

5-73 

1*39 

4 A.H. extract 4-thyroid hormone . 

6*65 

1*32 

5 A.H. extract-f thyroid hormone^-pro- 

6'69 

1*69 

gesterone 



G A.H. extract-f androsterone 

C*26 

1*41 

7 A.H. extract androsterone -h desoxycortico¬ 

5*84 

1*50 

sterone 



8 Androsterone 4- desoxycorticosterone 

6*41 

1*61 

0 A.H. extract alone, 6 mg. .... 

6*59 

1*83 

10 A.H. extract, 6 mg.d-thjToid hormone-f 

6*49 

1*82 

progesterono 




Pathological changes in the form of round-cell infiltration and 
oedema of the glomeruli were observed in both control and treated 
rats. In the controls, however, the foci of cellular infiltration were 
not only very small but also rare, only one or two of them being 
seen in a whole cross section of the kidnej^ Moreover they were 
found only in 3 out of 8 control rats, CEdema of glomeruli was 
observed in 1 control rat only, and one or two oedematous glomeruli 
in tlie transverse section of the whole Iddney. 

In the groups treated with combinations in which desox 3 ’'corti- 
costerone was present, or in which A,H, extract, especiallj^ in a largo 
dose, was administered simultaneous^ with progesterone and thjToid 
hormone, the foci of cellular infiltration were definite^ increased in 
number but only" rarety in size. For example, foci of infiltration 
wore found in the Iddneys of over}’' rat in the group A.H, extract-p 
desoxj’'corticosterone ”, and the group ‘‘ large dose of A.H. extract-}- 
progesteroned-thyu'oid hormone ”, In addition, in 2 out of 7 rats 
in the latter group, tiny spots of degeneration, and in 1 rat tiny’" spots 
of necrosis wore found in the cortical part of the kidnoy’^s, there being 
from one to three spots in the whole cross section of the Iddney, 

Out of all the rats treated, only one—an animal belonging to the 
group treated simultaneously ^vith A.H. hormone, androsterone and 
desoxycorticosterone—showed foci of cellular infiltration. Although 
ven" small, these were spread around so many tubules that the 
lesion could be regarded as the beginning of a mild interstitial 

nephritis- 
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Changes in the spleen 

Hoskins (191C)> Herring (1917), Cameron and Carmichael (1920-21), 
Koroncliovfiky, Hall and Clapham (1943) and Korenchevsky and Jones (1940, 
1948) obtained hj'pertrophy of the eploon after administration of tiiyroid 
hormone in sufficiently largo doses, Tho ofTcefc of androsterono was uncertain, 
producing mostly an increase in weight of tho spleen in ovariectomised but not 
in normal rats (Korenchovsky, Hall and Burbanlc, 1039 ; Korenchovaky and 
Jones, 1046 ; Korenchovaky, Paris and Benjamin, 1950). Progesterone (Solyo, 
19405; Korenchovskj’' and Jones, 1048) and dcsoxycorticosterono acetato 
(Selye, 19406) apparently do not produce definite splenic changes. 

In tho present experiments, a statistically significant increase in 
weight of the spleen (P <0-01-0-001) was obtained only in tho groups 
simultaneously injected mth A.H. extract and th 3 Toid hormone, with 
or without progesterone (table I, cols. 4, 5 and 11). Since progostorono 
%vith thyroid hormone alone (col. 2) did not produce this effect, a 
synergistic action of anterior lobo hormones mth thjToid hormone 
is indicated. 

Histologically tho stnicturo of these hyportropliiod spleens was 
normal except for the apparently increased size of tho Malpighian 
bodies. 

Changes in the heart 

Tho effect of thyroid hormone on tho heart has been investigated and tho 
literature surveyed in previous papers (Korenclievaky, Hall and CInpham, 
1943 ; Korenchevsky and Jones, 1946 ; Korenchevsk}', 1050 ; Koronchevslty, 
Paris and Benjamin, 1950). Thyroid hormone produces hypertrophy of the 
heart, and, with larger but apparently well-tolerated doses, various degrees of 
myo-, endo- or pericarditis in some of tho animals. Severe lesions were obtained 
with toxic doses of this hormone. 

Androaterone (Korenchevsky, Hall and Burbanlr, 1939 ; Korenchevsky and 
Jones, 1946) is also able to produce hj^pertrophy of tho heart; progesterone 
(Selye, 19406 ; Korenchovsky and Jones, 1948) has apparently no definite action. 
Desoxycorticosterono acetate and A.H. extracts in very largo doses (Selye and 
Pentz, 1943 ; Hall et aL^ 1946) produce hypertrophy, with myocardial lesions 
in the form of infiltration with Aschoff colls, lymphocytes, fibroblasts and 
leucocytes, and very small foci of necrosis or sclerotic scars, Carnes et al. (1941) 
and Forster et aL (1946), also using largo doses of dcsoxycorticosterono acetato, 
could not find any patliological changes in the heart of rats or (Foster et al.) dogs. 

In the present experiments statistically significant hypertrophy 
was obtained in all animals receiving thyroid hormone, but was 
more pronounced in combinations with A.H. extract (table I, cols. 4, 
5 and 11 ; P<0-01-0-001) than without it (col. 2 ; P<0*03). Similarly, 
while desoxycorticosterone and androsterono alone (col. 9) or andro 
sterone-f small dose of A.H. extract (col. 7) produced a non-significanfc 
increase in the weight of tlio heart, tho increase was significant when 
all three hormones were injected simultaneously (col. 8 ; P<0-01). 
This indicates a synergistic action on tho heart between anterior lobe 
hormones and thyroid hormone, and between anterior lobe hormone, 
androsterono and desoxycorticosterone. 
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measurements tlierofore indicate that the enlargement of the Iddnoys 
in the respective groups v^as the result of a true renal hypertrophy. 


Table n 

Effect of hormones on renal proximal convoluted iuhiiles 
and their himina 



Groups 

! 

Average weight (mg.) of paper 
replicas of tubules 


Tubule ^^ithout 
lumen 

Lumen 

1 

Controls ....... 

5*46 

0*92 

2 

Progesterone 4-thyroid hormone . 

5-87 

1*44 

3 

A.H. extract alone, 3 mg. . 

5-73 

1-39 

4 

A.H. extract 4-thyroid hormone , 

6*65 

1*32 

6 

A.H. extract 4“ thyroid hormone 4-pro^ 

gesterone 

6*69 

1*69 

C 

A.H. extract 4-androsterone 

6-26 

1*41 

7 

A.H. extract 4- androsterone 4- desoxycortico¬ 
sterone 

5*84 

1*50 

8 

Androsterone 4- desox^’^corticosterone 

6*41 

1*61 

9 

A.H. extract alone, 6 mg. .... 

6*59 

1*83 

10 

A.H. extract, 6 mg. 4-thyroid hormone4- 
progesterone 

6*49 

1*82 


Pathological changes in the form of round-cell infiltration and 
oedema of the glomeruli were observed in both control and treated 
rats. In the controls, however, the foci of cellular infiltration were 
not onlj’' verj^ small but also rare, only one or two of them being 
seen in a whole cross section of the kidney. Moreover they were 
found only in 3 out of 8 control rats. CEdema of glomeruli was 
observed in 1 control rat only, and one or two oedematous glomeruli 
in the transverse section of the whole kidne 3 ^ 

In the groups treated with combinations in which desoxj^corti- 
costerone was present, or in which A.H. extract, especially in a large 
dose, was administered simultaneously vdth progesterone and thyroid 
hormone, the foci of cellular infiltration were definite^ increased in 
number but only rarety in size. For example, foci of infiltration 
were found in the Iddneys of every rat in the group A.H. extract-}- 
desoxj'corticosterone ”, and the group “ large dose of A.H. extract-}- 
progesterone+thjuoid hormone ”. In addition, in 2 out of 7 rats 
in the latter group, tiny spots of degeneration, and in 1 rat tiny spots 
of necrosis were found in the cortical part of the kidneys, there being 
from one to three spots in the whole cross section of the kidnej". 

Out of all the rats treated, only one—an animal belonging to the 
group treated simultaneously vdth A.H. hormone, androsterone and 
desoxycorticosterone—showed foci of cellular infiltration. Although 
very small, these were spread around so many tubules that the 
lesion could be regarded as the beginning of a mild interstitial 
nephritis. 
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In otVior oxpenmonts (Kotcnchovsky, Paris and Bcnjanim, 1950) 
on senescent rats aged 22-27 months injected with, sox and thjToid 
hormones, these structures were more frequent and bettor dovclopod. 

Tabdi; ni 

Kumber of rata in the varioua groups shoieinff hjperjilastic changes 
in various organs 



Oronpi of rat^ 

Xo. of 


XuTnbcT of ttrurtwres la 



group 





liver 

1 

Controls 

B 

0 

0 

0 

0 



Progesterone 4-thyroid 
liorraono 

7 

0 

0 

1 

2 

H 

3 

A-H. extract, 3 mg. 

7 

0 

0 

1 

0 


4 

A.H, extract, 3 mg,4- 
thjToid hormone 



0 

• 

1 

0 

5 

A.H. extrivct, 3 mg.-r 
thyToid hormono-fpro- 
gesterono 


0 

0 

0 


3 

G 

A.H, extract* 3 nig.^ 
desoxycorticosterone ' 

7 

1 

1 

0 

I 

0 

0 

■ 

A-H, extract, 3 mg.4- 
nndrosterono 

s I 

0 

1 

1 

0 

0 

I 

A.H. extract, 3 mg,4' 
nnclrosterone 4'desoxy- j 
corticosterone 

9 

3 

! e j 


3 

1 

2 

1 9 

Androaterone4-dcsoxy> ' 
corticosterone 





t> 

0 

10 

A.H. extract, G mg. 

G 

0 



0 

2 

11 

A.H. extract, 6 mg. + 
thjToid hormono4-prO' 
gestorone 

■ 

0 ' 


H 


0 


Total number 

80 

G 

1 

0 

10 



To a lesser degree and less frequently they have been observed even 
in control senescent rats. It appears therefore that this pathological 
tendency to the development of adenoma-liho structures has a 
connection vdth. and is perhaps one of the features of senescence 
in rats. 

Adenomas and c 5 ’stadenomas have been observed in the human 
pancreas but are comparatively rare (Erving, p. 702). They usually 
arise from the ducts, but an origin from the exocrine acinar cells, 
or oven from the cells of Langerhans islets has also been recorded. 


Changes in the hypophysis 

No liistological investigation of the hypophysis has been made 
in the present experiments. A statistically significant' decrease 
(P<0*02-0*01) in Uie weight of the hypophysis was found in rats 
treated with a small dose of A.H. extract plus thyroid hormone 
(table I, col. 4) or androsferone (col. 7). A combination of andro- 
sterone and desoxycorticosterone also produced a significant decrease 
of the weight (col. 9 ; P<0‘02). 
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As regards anterior lobe hormones alone, in the present experiment 
the small dose used had no effect (col. 3), while the large dose had a 
definite InTpertrophjdng action (col. 10 ; P<0*02). 

Histologicalty, nono of the severe pathological changes which 
followed the administration of very large doses of A.H. extracts and 
desox 3 morticosterone acetate (Setye and co-workers) and toxic doses 
of thyroid hormone was obtained in the present experiments; 
apparontlj’’ the doses used were non-toxic for the heart. The diet on 
which the rats were fed may have been partly responsible for this. 
Only in two rats of one group, simultaneously injected with a small 
dose of A.H. extract, androsterone and desox 3 ^corticosterone acetate, 
w^ere tiny foci of round-cell infiltration found in the m 3 mcardium— 
one or tw^o in a whole transverse section of the heart. 

Changes in the pancreas 

Cameron (1926) gave a full review of the previous literature on the effects 
of th 3 Toid hormone on the pancreas, together with the results of his own careful 
experiments. He confirmed the hj^ertrophy of the pancreas observed by 
previous workers, and found also that thyroid hormone caused an increase in 
the ratio of Langerhans islet tissue to exocrine tissue. Florentin and Watrin 
(1931), and Richardson and Young (1937-38) confirmed Cameron’s results. The 
latter authors found that the presence of giant islets did not always indicate 
proliferative activity of these structures, since in some cases giant islets were 
unaccompanied by an increase in the islet/acinar ratio. No reliable results 
were obtained with androsterone, progesterone and desoxycorticosterone. 

In the present experiments, assay of the amount of islet tissue was 
not attempted. In photomicrographs, as compared with control 
rats (fig. 23), the number of larger exocrine acini appeared to be 
gi'cater in the rats to which A.H. extract was administered in com¬ 
bination wdth thyroid hormone (fig. 24), with thyroid hormone and 
progesterone (fig. 25), or with androsterone and desoxycorticosterone 

(fig. 26). 

H 3 T)erplastic structures were observed in the exocrine pancreatic 
parenchyma w^hich were not found in control animals. In most of 
the treated groups only a single example of this change was encountered 
(table HI), wliile the size of the areas involved was very small in all 
the pancreases except three. In two of these exceptional cases the 
greater part of a small pancreatic lobule was affected (fig. 27); in 
the third, three lobules sliowed this change (fig. 28), which presented 
an adenoma-like formation. The change consists in a loss of the 
normal granulation of the exocrine cells and in the disappearance of 
any distinction between their outer hsematoxylinopliilic and inner 
eosinophilic zones. The cells become flatter, with smaller and usually 
flattened nuclei, the lumina in consequence becoming much increased 
in size (fig. 27). In some of the affected pancreases these structures 
w'cro infiltrated wdth round cells and fibroblasts (fig. 28), in others, 
infiltration was practically absent (fig. 27). 
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Pathological effects 

Very severe lesions in the kidneys and heart, as obtained by Solyo 
and co-TV'orkers, were not obsers^ed in our experiments. There were 
practically no cardiac lesions in our treated rats, ’while in the kidneys, 
round-cell infiltration and oedema of glomeruli were increased, but 
only slightly as compared ’with the controls. In one of the treated 
rats the cellular infiltration, although still small in size, had spread 
between so many tubules as to suggest the early stages of a mild 
interstitial nephritis. 

The diflerence between our results and those obtained by Solyo 
could bo explained by differences in the diet and in the doses used. 
Selye and his co-workers injected enormous daily doses, for example 
20-40 rag. of A.H. extract (Dontigny et al,t 1948) and G mg. dosoxy- 
corticosterone acetate. Corresponding daily doses for human beings 
would be of the order of 0-12 g. of A.H. extract and 1*8 g, of desox}^- 
corticosterone acetate. 

Hormones and several other substances, vitally neccssaiy in 
physiological and harmless amounts, may become deadly poisons 
when used in huge doses. Such amounts are unlilmly to occur naturally 
in rats and it is doubtful whether they could even bo secreted in 
cases of pathological hypersecretion in man. 

Moreover Solyo and co-workers, in order to produce severe nophro- 
sclerotic or cardio-vascular lesions, usually admimsfored to the rats, 
besides hormones, large amounts of sodium chloride or liigh protein 
diets ; or tho treated rats were castrated or unilaterally nophroctomised. 
They therasolves (Hay ct ah, 1948) demonstrated what a vor^'^ 
aggravating effect these additional measures have. For instance, 
by decreasing tho protein content in the diet they were able to prevent 
completely tho nephrosclerotic effect of A.H. hormones in rats. On 
the other hand, nephrosclerotic lesions could bo produced by some 
protein-rich diets alone without tho administration of any hormones. 

Even for the correct interpretation of those comparatively sh'ght 
lesions of various organs in tho present experiments, it is necessary 
to emphasis that the doses used, although much smaller than those 
of Selye and co-workers, were still large doses. 

Other pathological changes—h 37 )erpla 8 tic structures in the liver, 
adrenals, thjnroid and pancreas were also slight in the present experi¬ 
ments. Their total number, however, was considerable. Various 
changes of this kind occurred in different organs in 35 out of 72 treated 
rats (table III). From tho results of their oum investigations on 
human hyperpituitarism, especially acromegaly, and from a study of 
the literature, Cushing and Davidoff (1927, p. 9G) came to the conclusion 
that hyperpituitarism tends to promote adenomatous formations in 
some glands (thyroid, parathjToid, adrenals and pancreas). 

Our present results and those obtained on older rats, however, 
clearly indicate that hypersecretion, not only on the part of the 
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anterior liypoplij^sis but also of the gonads, thyroid and adrenal 
cortex, has the same effect. In the present experiment, for example, 
in groups 2 and 9 (table III), which Avere not treated with A.H. 
extract, the occuiTence of these epithelial changes was even more 
frequent than in the remaining groups treated Avith A.H. extract 
(about 57 and 47 per cent, respccth^ely). 


Pathological changes and ageing 

In the present experiments on rats about 17 months old some 
pathological changes were also present in the controls (infiltrations 
in the kidneys and li\mr), but these Avere fewer and slighter than in 
the treated rats. 

In our other experiments on older rats, aged 20-27 months 
(IvoronchcA^sky, Paris and Benjamin), the controls all shoAved patho¬ 
logical changes, AAdiich Avere more frequent and often more severe. 
It Avas therefore suggested that these lesions, or the tendency and 
predisposition to their development, might be a feature of ageing. 
This was apparently confirmed by the fact that doses of hormones 
similar to those used in the present experiment usually produced, 
in older rats, more frequent and more severe changes. For example, 
hjq)erplastic formations in the thyroid, adrenals, thymus, liver and 
pancreas developed in some of these rats into more pronoimced 
adenoma-like structures or even, in the thju’oid, into franlc adenomata 
(figs. 19-21). Similar formations were observed by Korencher^sky 
and Hall (1940) in the uterine mucosa of ovariectomised rats injected 
Anth androgens and oestrogens simultaneously. These rats were not 
more than 214 days old, but according to our preAuous investigations 
OA^ariectomy hastens the process of ageing in rats. 

It is noteworthy that minute single or multiple nodular hyper¬ 
plasias or adenoma-lilce structures are also associated Avith ageing 
in man (RoUeston, 1936, p. 373; EAving, 1940, pp. 830-831). In 
the adrenals of adult or old persons, for example, they are discoA’^ered 
at autopsy as incidental findings in about 35 per cent, of cases, and 
EAving emphasises that all gradations exist between simple local 
adrenocortical hyperplasia and true adenoma formation. 


Slirmilating effects of hormones and ageing 

In contrast to the induction of pathological lesions by hormones, 
tlieir stimulating and hypertrophying effects must be emphasised. 
These changes occur in the vital organs of rats, especially after 
combined hormonal treatment. In this limited sense, the stimulating 
and hypertrophAung effects of hormones appear as anti-ageing actions, 
since, Anth ageing, all organs ordinarily undergo relatiA"e hjpoplasia 
(Korenchevsky, 1942) and finally atrophic and degenerative changes. 
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This fact, howovor, does not necessarily mean that tlioro is a truly 
beneficial effect on the process of agoing ns a whole. It might, on 
the contrary, indicate the development of splanchnoraegalic 
monstrosity. Many morphological, physiological and biochemical 
experiments are necessary in order to define the true significance of 
any apparently agoing or anti-ageing factors. This problem is 
considered in detail elsowhero (Korenchevsky, Paris and Benjamin, 
1950). 

SUMTHARY 

1. An experiment was performed on 80 agoing normal rats in 
order to investigate the effect of hormones of the anterior hypophysis 
(A.H.) administered alone or in various combinations with andro- 
sterone, progesterone, desoxycorticostorono acetate and thyroid 
hormone. 

2. In the A.H. extract used as a source of hormones of the anterior 
hypophysis there were present gonadotropic hormones for the ovaries, 
and somatotropic hormones for the preputial glands, thyroid, adrenals, 
thymus, liver, kidneys, spleen and heart. 

3. The presence of those hormones in the A.H. extract was 
ascertained by their hypertrophying or stimulating, or their synerg¬ 
istic or co-operative effects on the respective organs. 

4. A synergistic or co-operative relationship between A.H. 
hormones and thyroid hormone was observed in their action on 
the ovaries, preputial glands, adrenals, thymus, liver, kidneys, spleen 
and heart. 

5. A.H. hormones wore able to neutralise more or less completely 
the depressing effect of thyroid hormone on the thyroid gland, but 
not the atrophying effect of androgens on the adrenals. 

6. Synergistic or antagonistic relationships betw'oen some of the 
other hormones used were also recorded. 

7. Pathological lesions in some of the treated rats took the form 
of focal infiltration, chiefly lymphocytic, of the kidneys, liver and 
pancreas, of the formation of epithelial hyperplastic structures in 
the thyroid, thymus, liver and pancreas, or of hypoplasia of ,the 
ovaries and adrenals. In nearly all cases the first two groups of 
lesions were slight and, in addition, some of them were present also 
in the control rats, though less frequently. 

8. Some apparently anti-ageing (stimulating and hypertrophying) 
properties of the hormones used are discussed; and the role of 
senescence in producing and intensifying the pathological lesions 
observed is considered. 

9. It is emphasised that many morphological, physiological and 
biochemical investigations are necessary in order to ascertain the 
true nature of any apparently ageing or anti-ageing factors. 
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GROSS TUMOUR EMBOLISM OF THE AXILLARY 
ARTERY BY MALIGNANT SYNOVIOJIA 

T. G. E. Loosemore and J. W. WiamcK 
From the Royal Cajxcer BospitaU London 


(PLATES XVIl-XIX) 

That tumour emboli of macroscopic dimensions may bo carried in 
the systemic veins to be arrested in the right chambers of the heart, 
the pulmonary arteries or lungs, and in tlie portal vein to the liver 
is a well knoum but rare occurrence. Emboli of this kind are still 
more rarely encountered in the arterial system (Willis, 1934). They 
may result from neoplastic invasion of pulmonary veins or the left 
chambers of the heart, or from paradoxical (crossed) embolism. In 
the few recorded cases, the sites of arrest have been different and, 
with one exception, the finding was post mortem. 

Tho only case in tha literatnro of gross arterial tumour embolism recognised 
during life is that of Groth (1940). His patient, a woman of 30 who two years 
previously had had her right leg amputated for sarcoma of tho tibia, presented 
with obstruction of tho left common femoral artery by a tumour embolus. 
Tliis was removed Buccessfully and she Burvdved for one month after tho 
embolectomy. At necropsy, pulmonary' motastases were found to have invaded 
main pulmonary veins. 

Kaufmonn (1929) has referred briefly to the finding at necropsy, in a 
woman of 25, of gross invasion of pulmonary veins by motastases from chorionic 
carcinoma and of macroscopic tumour emboli in arteries of tho spleen and 
kidneys producing infarcts in these organs. Thompson and Evans (1929*30) 
described a case of paradoxical tumour embolism through a patent foramen 
ovale in a man of 25 with, bilateral malignant testicular teratomas. There 
were no pulmonary metastaaes but growth from a mass of tumour attaelied 
to the right surface of the atrial septum projected tluough the foramen ovale 
into the left atrium. Free and attached tumour masses wore present in tho left 
ventricle and gross tumom* emboli were found in coronary and middle cerebral 
arteries. 

It is doubtful if the case described by Till and Fairbum (1947-48) is acceptable 
as one of massive neoplastic embolism. Their patient, a man of 60 with bronchial 
carcinoma, developed occlusion of the right femoral artery followed by gangrene 
of the foot. At necropsy, tho obstnicting mass consisted of thrombus which 
on microscopic examination was found to include tumour tissue only in a 
restricted part, with an attachment to the wall immediately proximal to the 
origin of the profunda femoris artery, Xo gross invasion of vessels was found 
in the thoracic viscera. It is therefore possible that the femoral occlusion may 
have developed from microscopic rather than gross tumour embolism, and the 
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finding by Branwood and Glazebrook (1946) of a tumour nodule implanted on 
an atheromatous patch in the aorta in a case of mixed-cell sarcoma of the 
diaphragm is of interest in this connection. 

In a child of 10 years. Young and Hunter (1947) foimd soft, mucinous, 
polypoid masses attached to the wall of the left ventricle and an embolus of 
similar tissue occluding the abdominal aorta from the coeliac to the renal arteries. 
Though the authors conclude that this was a cardiac myxoma rather than 
organising tlirombus, it is questionable whether the case can be accepted as an 
instance of arterial tumour embolism because of the equivocally neoplastic 
nature of such tumours. 


Case report 

In our patient there was gross tumour embolism of the left axillary 
and brachial arteries, confirmed by histological examination of the 
embolectomy specimen, and, at necropsy, massive permeation of 
pulmonary veins. 

Clinical history 

S. A. O., a woman of 64 years, was admitted to the Royal Cancer Hospital 
as an emergency case on 15th December 1948, with a 9-hours’ history of severe 
pain in the left arm. She had noted that the limb had changed colour, becoming 
first white and then blue. She had been receiving a course of X-ray therapy 
as an out-patient following the removal, at another hospital, of a secondary 
malignant synovioma from the region of the left scapula. A radiograph on 
24th November 1948, had shown an opacity of doubtful significance in the 
right lung. 

Past history. In October 1945 a tumour of the left knee which had been 
present for 8 months was excised. It appeared to be entirely extra-capsular 
and was described as a softish, homogeneous, solid tumour of tangerine size, 
sharply circumscribed from the surroimding fatty tissue and yellowish on cut 
surfaces. The histological diagnosis was synovioma (Dr E. M. Martland). 
During September 1946, X-ray therapy was given for a recurrence of the knee 
tumour and in September 1948, a further recurrence in the same site was 
excised. Five days later a tumour was noticed in the left scapula. This was 
treated by excision followed by X-ray therapy. 

On examination, there were no physical signs of cardiac abnormality. The 
blood pressure was 140/90. In the region of the inferior angle of the left scapula 
there was a healed scar. The left arm was cyanosed, with white areas of mottling, 
and was cold below the middle of the upper arm. Pulsation was absent in the 
radial, brachial and axillary arteries but present in the subclavian. A further 
radiograph of the chest showed the same opacity in the right lung and also a 
more peripheral shadow. 

Operation {T.Q.E.L.) \5th December 1948. As there was no obvious source 
of the embolus, the axillary artery was explored, under general anassthesia, 
through the lower limb of a Fiolle-Delmas incision. The artery was opened 
at the origin of the subscapular branch, revealing a mass of friable tissue, 
which was removed. A good efflux of blood was obtained from both ends but 
there was no return of the radial pulse. Because of the tumour-lilce appearance 
of the embolus, further exploration was considered inadvisable. Heparin 
therapy was begun. 

Pathological report on embolus. This bilobed, soft white and dark red 
fragment (larger lobe 0*6 cm. diam.) was found to consist of oedematous spindle¬ 
cell growth of imspecifiable nature, accompanied by blood-clot. 

Progress. Gradual deterioration ensued and death occurred on 16th December 
1948. The condition of the arm appeared xmchanged. 
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Necropsy findings 


A woll-built, fairly oboso woman with scars over tho loft loieo 
and loft scapula. There was diffuse dark blue discolouration of tho 
skin of tho loft arm, which however was paler and more patchy in 
tho neighbourhood of tho shoulder: similar patchy discolouration 
was present over tho left side of tho chest. A recent transverse infra- 
clavicular (Tiollo-Dolmas) incision had been closed by clips. 

No residual growth was present at the knee—tho site of tho primary 
tumour—nor about tho site of tho treated scapular metastasis. 

Only two pulmonary motnstascs wore present, one near tho apox 
of each upper lobe. They wore rounded, and the cut surfaces wore 
firm, white and grojnsh-whito and slightly mucinous. From tho 
tumour (2*2 cm. diameter) in tho left lung, a firm cord of growth 
6-0 cm. in length extended along tho lumen of n pulmonary vein, 
gradually increasing in diameter to 1*0 cm., when it ended abruptly 
vrith an irrcgxilar, brokon-off free extremity (fig. 1). It consisted of 
firm white and translucent grey tissue which was smooth-surfaced 
whore it was not attached to tho vessel wall. Lying freo in a large 
pulmonary vein at tho hilum of tho loft lung was a twisted clot 5*0 cm. 
long and from 0*3 to 0*8 cm. wide. Tho tumour in tho upper lobo 
of tho right lung was similar, though smaller (1*C cm. diameter), and 
its finer intravascular extension, 2*1 cm. long and up to 0*3 cm. 
diameter had a smooth, bulbous distal extremity (fig. 2). 

There was no tumour w'itlnn tlio cavities of tho heart but in tho 


posterior wall of tho left ventricle was a single, ill-defined metastasis 
(0*4 cm. diameter) which did not roach either endocardium or cpi- 
cardium. A small valvular patent foramen ovale allowed the passage 
of a thick probe. Tho loft axillary artery (fig. 3) was filled with clot 
from just proximal to tho origin of tho subscapular artery onwards 
into tho brachial artery for a total distance of 11*0 cm. In its distal 
1*5 cm, the “ clot ” consisted largely of white tumour tissue but tho 
rest was dark red in colour. 


On the surface of tho parietal region of the left cerebral hemisphere 
there was a bulging dark red and greyish-brown tumour 2*2 cm. 
in main diameter, and there wore soft, ill-defined, hcemorrhagic areas 
superficially in the right parietal region and in the left cerebellar 
hemisphere. The thyroid contained one nodule of secondary growth 
* diameter. The only other metastasos were single soft 

white deposits, 0*8 and 0*G cm. diameter, in tho second and third 
umbar vertebral bodies. The thoracic duct and all lymph nodes 
were normal. Apart from purulent bronchitis and bronchopneumonia 
there were no other significant changes in tho body. 


Histology 

Tumour excised in 1946. Sections of tho periphery of tho primary 
tumour, where it extended into the aubcutis, wore available for 
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examination. Though the margin appeared well defined to the naked 
eye, the sections show infiltrative growth at the periphery with 
extension through a condensation of surrounding fibrous tissue into 
subcutaneous fat. The growth consists of cellular tissue through 
which many microscopic clefts are irregularly scattered (fig. 4). 
Hsemorrhagic, oedematous and necrotic areas are small and infrequent. 
Within the tumour there is very httle coUagenous tissue. There is 
considerable pleomorphism but most of the tumour cells are spindle- 
shaped, having abundant cytoplasm of indefinite outline and plump, 
ovoid or elongated, pale-staining nuclei, each with a distinct nucleolus. 
The cells are arranged partly in vague drifts and partly in small 
compact clumps with intervening clefts (fig. 5). In looser areas, 
cytoplasmic outlines are clearer and the cells are fusiform, stellate or 
polygonal. Fine vacuolation and foaminess of the cytoplasm are 
common, and in several places there are groups of large, closely apposed 
foamy cells with small pyknotic nuclei. There are occasional giant 
binucleate or multinucleate cells, but none of the type found in benign 
synoviomas. 

Clefts resembhng synovial spaces are fairly numerous. Most of 
these are lined by flattened tumour cells and there is no pseudo- 
glandular arrangement. Neither mucus nor iron pigment is present, 
but in some of the necrotic foci there are a few cholesterol-crystal 
clefts. 

The mahgnancy of the tumour is indicated by its great cellularity, 
cell pleomorphism, numerous mitoses and infiltrative growth. The 
structure is that of a malignant synovioma. 

Necropsy tissiies. Lungs, In the metastases, the tumour cells 
form diffuse areas completely replacing the pulmonary tissue or else 
are finely dispersed through surviving alveoh. In these less heavily 
infiltrated parts, mucus and tumour cells occupy the alveolar spaces. 
Though there is distinct resemblance between the diffuse parts of the 
pulmonary metastases and the primary grovdih, the cells in the lungs 
are less compactly arranged and show greater pleomorphism and 
mitotic activity. Being less closely packed, they are more distinct 
in outline and most of them are fusiform or elongated, with branching 
extremities wliich fuse with adjacent cells to form loose syncytial 
sheets (fig. 6). Running between these sheets are wide irregular 
clefts analogous to the smaller ones in the primary tumour. 

In the areas of loose infiltration within alveoh, the tumour cells 
are very variable in shape, being fusiform, stellate, cuboidal, flattened 
or irregular. Abundant mucus is present in the alveoh (fig. 8) and 
the tumour cehs he ftee in it, fiU the spaces as a loose reticulum or 
form an incomplete lining to the alveolar wahs (figs. 7 and 8). Where 
the lining is a single layer of flattened or cuboidal cehs, a glandular 
epithehal appearance is produced. Compact clusters of tumour cells 
(fig. 7) having a resemblance to swohen vhlous processes project 
into some of the alveoh. There is thus both a pseudo-acinar and 
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pseudo-papillary arrangement in those areas. Wlioro the tumour does 
not use the alveolar walls as a scaffold, stroma is scanty but fairly 
rich in capillar}'^ vessels. Little necrosis or hfomorrhago is present. 

Invasion and pormoation of tributary pulmonary veins are 
prominent. Growth within these vessels either fills the lumen as 
cellular tissue closely adherent to a largo part of the wall (fig. 9) or 
is loose, richly mucinous and poorly cellular with groups of tumour 
colls situated mainly at tho periphery of the lumen. 

Other organs. Small tumour metastases of similar histological 
structure are present in tho thyroid, lumbar vertebree, myocardium 
of the loft ventricle and loptomoninges overlying tho parietal lobe of 
the left cerebrum, which is indented but not infiltrated. The other 
cerebral and cerebellar lesions are small h tern orrh agio infarcts ^vith 
tumour-thrombus in adjacent arterioles. An embolus of tumour- 
thrombus also occupies tho lumen of a small artery at the periphery 
of the thyroid deposit. 

Tho clot which lay free in tho main left pulmonary’’ vein is com¬ 
posed of thrombus ^vith very few tumour cells. 

Discussion 

Arteries long resist tumour invasion, partly perhaps because of 
their compact musculo-elastic walls, and are rarely infiltrated by 
growth. Hence arterial tumour embolism duo to penetration of 
systemic arterial walls is unlikely and indeed has never been recorded. 
Arterial tumour embolism follows direct invasion of tho loft chambers 
of the heart or of pulmonary veins, while passage of tumour coUs 
through a patent foramen ovale is another possible route of entry 
for such cells into the arterial system. 

Systemic dissemination of primary or secondary pulmonary 
neoplasms usually occurs through invasion of pulmonary veins, the 
emboli being in most cases of microscopic size. The rarity of emboli 
of macroscopic dimensions is indicated by the very few recorded 
instances. 

In the case described here, not only was there sudden occlusion 
of a large artery by a large free tumour embolus but its source was 
clearly recognisable at necropsy, when extensive gross permeation 
of puhnonary veins was found. The histological structure of the 
growth resembles that of accepted cases of malignant synovioma and 
the circumscribed appearance of tho primary tumour, which at 
operation was not visibly attached to tho capsule of tho knee joint, 
suggests that it may have been of tendon-slioath or bursal origin. 

SUIVIMABY 

roUowing permeation of tributary pulmonary veins by metastases 
of a malignant S 5 movioma of tho knee, gross arterial tumour embolism, 
caused obstruction of the left axillary artery in a woman of 64. 
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SMOOTH-MUSCLE TUMOURS OF THE GASTRO¬ 
INTESTINAL TRACT AND RETROPERITONEAL 
TISSUES PRESENTING AS LARGE CYSTIC MASSES 

George Ltjmb 

The Department of Pathology, Westminster JEfospiCal Medical School, London 

(Plates XX-XXVH) 

Smooth-tsiuscle tumours of tho gastro-intestinal tract and retro¬ 
peritoneal tissues have long been recognised. Nouber (1920) quotes 
Morgagni as being tho first to describe a tumour of this kind in the 
stomach in 17C2. Virchow (1863-67) suggested tho subdivision of 
the intestinal cases into submucosal and subserosal, and a general 
account of the clinico-pathological relationships of this group was 
given by Bland-Sutton in 1893. 

The chance finding of small sessile leiomyomata in the bowel wall 
post mortem is uncommon but well recognised. Golden and Stout 
(1941) had 23 in their autopsy series, an incidence of 0*39 per cent. 
Rieniots (1930) gives the much higher incidence of 16 per cent, in a 
series of 200 autopsies. 

Cases producing clinical symptoms are also well established, but 
rare. There were 30 such in Golden and StouVs collected series 
covering the period 1913 to 1940 inclusive, wliile Marvin and Walters 
(1948) reviewed 16 malignant cases from the stomach alone, seen 
during the years 1907 to 1946, and point out that in the same period 
10,000 cases of gastric carcinoma were seen in the same clinic, thus 
giving a good idea of tho relative frequency of the condition. 

Most of the tumours described are quite small and solid, arising 
either beneath the mucosa of the bowel and enlarging into the lumen, 
or producing a diffuse tumour in the muscular wall. • A minority of 

intestinal cases, however, enlarge outwards into the peritoneal cavity_ 

the so-called exo-enteric or subserous type, and these show a tendency 
to central Uquefactive necrosis, so that they come to present as cystic 
tumours. In Golden and Stout^s series, six cases of this exo-enteric 
—or subserous type—are recorded out of the 30 cases referred to 
above, and of these three were cystic. Marvin and Walters record 
only two examples of subserous tumours in their series, but it is not 
stated whether these were cystic. 
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The retroperitoneal tumours tend to grow to a larger size than the 
others and, as stated, they also may show cystic degeneration. This, 
however, is an unusual occurrence. Golden and Stout, for example, 
had only nine such cases in their series, which covered a period of 
2(5^ jesiTS, In only one of these was the entire tumoiir available for ‘ 
pathological study. In the remaining eight, one was an incidental 
finding at operation and in seven, only biopsy specimens were obtained. 
A further example of a retroperitoneal smooth-muscle tumour was 
recorded by Willis in 1934. 

Thus this group of tumours may be classified from the morbid 
anatomical point of view as follows :— 

1. Oasiro-intestinal tract leiomyomas 

{a) Submucous —arising in the wail and extending as a tumour 
into the lumen of the bowel; this variety is nearly always of solid 
type. 

(b) Subserous exo-enteric —arising in the wall and extending into 
the peritoneal space : these tumours are more commonly large and 
show a tendency to cystic degeneration. 

(c) Hour-glass —a combination of {a) and (6) (fig. 5). 

2. Retroperitoneal leiomyomas 

Tumours arising from smooth muscle in the retroperitoneal tissues 
and showing a tendency to large size and cystic degeneration. 

Type 1 (a) is the most common of these tumours. It may or may not 
be associated with mucosal ulceration. Types 1 (6), 1 (c) and 2 are 
all rare. 

It is the purpose of the present paper to draw attention particularly 
to the relatively unusual group of cases which present as large cystic 
abdominal masses. A description is given of 7 recently observed 
examples, of wliich three arose from the stomach, three from the 
jejunum and one from the retroperitoneal tissues. 

Case repoets 

Case 1, A. B., a female aged 60, was seen on 12.3.35, complaining of 
frequency of micturition of three weeks’ duration. On examination a large 
mass was found in the left upper abdomen. A barium meal showed some 
irregularity of outline of the lesser curvature near the pylorus, suggestive of 
its being stretched over a tumour. Laparotomy revealed a large tumour arising 
from the lesser curvature of the pyloric antrum and extending out into the 
lesser omentum. It was removed together with a small area of stomach wall 
surrounding its point of origin. There was no mucosal ulceration. The tiunour 
was spherical in shape and 18*5 cm. in broadest diameter; it presented a 
smooth outer surface covered by dilated vessels. On section it was fotmd to be 
cystic, the cavity containing brownish fluid and necrotic debris. The inner 
aspect of the wall presented a shaggy appearance, being made up of irregxilar, 
brownish, partly necrotic tissue (flg. 1). 

Histology. The tumour is composed principally of spindle cells with demon¬ 
strable myofibrils. There are many areas of degeneration and moderate numbers 
of imtotic figures. 
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Subsequent history, Tho patient was tllschargod fit on 4.5.35 and Imd no 
further abdominal symptoms of any sort. In 194G, 11 j'oars lator» at tho ago 
of 71, sho had a cerebral thrombosis from wliich she recovered, but died on 
12.7.49 from a second cerebral vascular catastrojdio. Thus she simvivcd lior 
abdominal operation for 14 years and died, aged 74, ns n result of a condition 
in no way referable to her abdominal tumour. 

Case 2. L.B., a female aged 50, was seen in November 1932, complaining 
of pain in tho back. A tumour was palpated in the abdomen. Laparotomy 
revealed a cystic mass, considered to bo inoperable, in tho epigastrium. A 
biopsy was taken and on histological examination n diagnosis of spindle-cell 
sarcoma was made. The patient continued in good hcaltli without loss of 
weight for one year, after which the mass increased in sire. A second laparatomy 
was performed with a view to investigating tho possibility of inserting radium 
seeds into the mass. At operation this was considered to bo impracticable and 
the abdomen was closed. Tho patient developed bronchopneumonia post- 
oporatively and died. At post-mortem examination on 12.2,34 a massive 
lobulated cystic tumour arising from tho posterior wall of tho mid-zone of the 
stomach was found (figs. 2 and 3). Tho mass extended upwards between the 
layers of the lessor omentum, then dowmwards behind tho peritoneum with 
all the layers of tho greater omentum b'ing anterior to it. Distended veins 
covered its surface, and on cutting it open a cj'stic cavity commimicating with 
the lumen of the stomach was revealed (fig. 3). Tho cause of death was extensive 
bronchopneumonia and myocardial degeneration. 

Histology, The tumour is made up of spindle colls of smooth-muscle origin 
which show a marked tendency to interlace. There are also many areas of 
\mdifierentinted cells. Mitotic figures are not a feature. 

Case 3. W. N., a male aged 68, was seen on G.G.49, complaining of colicky 
pains in the right lower abdominal quadrant of 9 weeks’ duration. On examina¬ 
tion ho was in good liealth, but his waist circumference was 45 inches, althougli 
it was impossible to define any tumour boundaries. At laparotomy a huge 
cystic tumour was found arising from tho anterior surface of tho lessor curvature 
of the stomach and filling tho abdomen from diaphragm to pelvis. It was 
growing between tho two anterior layers of the greater omentum and was 
attached to the diaphragm and adjoining mesenterj' (fig. 4). It was removed, 
together with a portion of stomach measturing 4x3 cm. There was an area of 
mucosal ulceration in relation to tho tumour, and a probe passed into the crater 
communicated with tho central necrotic cavity of the mass. The specimen 
measured 42*5 cm, in long diameter and contained 7 litres of brownish 
fluid. Its outer surface was smooth except where attachments had been 
divided. On section the wall was thin and rather friable, and there were 
numerous shaggy necrotic projections extending into the central cavity. 

Histology. The tumour is composed of spindle cells with myofibrils and 
numerous mitotic figures. Many giant forms and bizarre cell patterns are 
also seen. There is a tendency to “ regimentation ” of nuclei and considerable 
cell degeneration has occurred. 

Subsequent history. The patient was discharged fit and well 11 days after 
operation, with a waist circumference of 34 inches. Tlireo months later he 
retvimed with abdominal distension and at laparotomy multiple peritoneal 
metastoses were found, scattered throughout the abdominal cavity, with a 
histological picture identical with that of the original tumoiw. No blood-bomo 
metastases were discovered. The patient’s general health deteriorated rapidly 
and he died as a res^ilt of bronchopneumonia and intestinal obstruction. There 
was no autopsy. 

Case 4. F. P., a female aged C5, was seen on 4.1.49 complaining of abdominal 
swelling and loss of weight for one year, with abdominal pain of sudden onset, 
constipation and vomiting for 24 hours. On examination the abdomen was 
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The xetroperitoneal tumours tend to grow to a larger size than the 
others and, as stated, they also may show cystic degeneration. This, 
however, is an unusual occurrence. Golden and Stout, for example, 
had only nine such cases in their series, which covered a period of 
years. In only one of these was the entire tumour available for 
pathological studj^ In the remaining eight, one was an incidental 
finding at operation and in seven, only biopsy specimens were obtained. 
A further example of a retroperitoneal smooth-muscle tumour was 
recorded by Willis in 1934. 

Thus this group of tumours may be classified from the morbid 
anatomical point of view as follows ;— 

1. GasirO'intestinal tract leiomyomas 

{a) Siihmucoiis —arising in the wall and extending as a tumour 
into the lumen of the bowel: this variety is nearly always of solid 
type. 

(6) Subserous exo-enteric —arising in the wall and extending into 
the peritoneal space : these tumours are more commonly large and 
show a tendency to cystic degeneration. 

(c) Hour-glass —a combination of (a) and (6) (fig. 5). 

2. Retroperitoneal leiomyomas 

Tumours arising from smooth muscle in the retroperitoneal tissues 
and showing a tendency to large size and cystic degeneration. 

Type 1 (a) is the most common of these tumours. It may or may not 
be associated with mucosal ulceration. Types 1 (6), 1 (c) and 2 are 
all rare. 

It is the purpose of the present paper to draw attention particularly 
to the relatively unusual group of cases which present as large cystic 
abdominal masses. A description is given of 7 recently observed 
examples, of which three arose from the stomach, three from the 
jejunum and one from the retroperitoneal tissues. 

Case kepobts 

Case 1. A. B., a female aged 60, was seen on 12.5.35, complaining of 
frequency’' of mictxrrition of three weeks’ duration. On examination a large 
mass was found in the left upper abdomen. A barium meal showed some 
irregularity of outline of the lesser curvature near the pylorus, suggestive of 
its being stretched over a tumour. Laparotomy revealed a large tumour arising 
&om the lesser curvature of the pyloric antnun and extending out into the 
lesser omentum. It was removed together with a small area of stomach wall 
surrounding its point of origin. There was no mucosal ulceration. The tumour 
was spherical in shape and 18*6 cm. in broadest diameter ; it presented a 
smooth outer surface covered by dilated vessels. On section it was found to be 
cystic, the cavity containing brownish fluid and necrotic debris. The inner 
aspect of the wall presented a shaggy appearance, being made up of irregular, 
brownish, partly necrotic tissue (fig. 1). 

Histology, The tumour is composed principally of spindle cells with demon¬ 
strable myofibrils. There are many areas of degeneration and moderate numbers 
of mitotic figures. 
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this period. On examination no abnormalities “wero discovered other than a 
ronnd tense mobile swelling in the left iliac fossa, which was hj^er-resonaiit on 
percussion. Plain X-ray examination of the abdomen indicated tlmt the mass 
contained air. At laparotomy a largo mass was found arising from a loop of 
jojtmum. It W'as firc^y nderent anteriorly to the posterior wall of the bladder 
and laterally had invaded the wall of an adjoining loop of bowel. The surface 
of the tumour was lobulnted and covered by distended veins. On section an 
** hour-glasstumour was revealed (fig. 6), with a small portion projecting 
into the lumen of the bowel and a largo cystic tumour, the ca\*ity of which 
communicated with the jejunum at its point of origin, passing between the 
layers of the mesentery. The inner aspect of the cystic portion was shaggy 
and its contents consisted of necrotic debris and foul-smeUing yellowish-bro^m 
fluid. 

Histology. A spindle-cell tumour of smooth-muscle origin, with considerable 
cellular variation. Mitotic figures are numerous, and there is infiltration of 
the serous and muscular coats of the adjacent loop of jejunum. 

5u6scgticnf history. Tlio patient made an uneventful recovery and was 
discharged fit and well and putting on weight. AVhen last seen on 8.8.S0 he 
was symptom-free. 

Case 6. A. H., a female aged 45, was seen in 1937, with vague abdotninal 
pain. On examination n tumour could be palpated in the right hiTiochondrium. 
Laparotomy revealed a tumour arising from a loop of jejunum. Both tumour 
and loop of bowel were resected. The specimen showed a cystic tumour arising 
in the wall of the jejunum and enlarging outwards between the layers of the 
mesenterj’^ (fig, 7). A point of communication between the bowel lumen and 
the necrotic centre of the mass was demonstrated (fig. 8), but no “ hour-glass *’ 
formation was evident. The outer surface of the mass wos covered with 
distended veins and section showed the central cavity to be lined by shaggy 
necrotic material. 

Histology. The tumour is composed of interlacing smooth-muscle fibres. 
Two days after operation the patient collapsed and died. At autopsy^ the 
cause of death was found to bo htomorrhage from the operation site. Tliero 
were no metastases and no other evidence of disease. 

Case 7. W. J. S., a male aged 36, complained of a painless abdoiuinal 
swelling first noticed four j’cars previously. Laparotomy revealed a largo 
cystic retroperitoneal tumour arising from the pelvis and adlierent to the saorum. 
It was stripped off the sacrum and removed. Tlie specimen was rougWy spherical 
measuring 16 cm. in diameter. It had a smooth outer surface and a firm wall 
X'6 cm. thick. It contained brownish fluid and necrotic debris, and the inner 
surface, although smoother than in the other specimens in this series, showed 
friable brownish projections of the type so characteristic of this group of 
tumours. 

Histology. Tlxe tumour is composed of spindle cells of smooth-muscle tj’pe, 
with some fibrous tissue substrate. Mitotic figures, giant cells and areas of 
degeneration and hremorrhage are seen. 

Suhsequent history. Tlie patient was discharged fit and well and when last 
seen on 6.8.GO was still free from symptoms. 

To summarise, therefore, seven cases of smooth-muscle tumour 
are described which presented simply as large abdominal swellings 
without localising signs or symptoms. Each was surgically rerno'v- 
able, although certain operative difiSculties were experienced. There 
was no evidence of metastatic spread except in case 3, and in case 5 
there was infiltration by the tumour into a neighbouring loop of 
bowel. ^ 
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Discussion 

Macroscopic appearances. As has already been said, the majority 
of the smooth-muscle tumours which arise in the gastro-intestinal 
tract, and especially those found at autopsy, consist of single, small 
firm masses. Multiple grmvths are rare (Marvin and Walters), The 
subserous group and those arising in the retroperitoneal tissues differ 
from this description in that they tend to grow to a large size and 
to undergo central cystic change owing to colhquative necrosis. 

The wall of the tumour varies in thickness according to the degree 
of central necrosis, becoming very thin and friable when this process 
is advanced. Peritoneal metastasis may occur from such a tumour, 
following rupture (Holta, 1943 ; and see case 3). 

The outer surface of the mass is smooth and lobulated (fig. 2) 
and frequently covered by numerous distended blood vessels. There 
is a notable tendency for attachments to form between the outer 
wall of the tumour, which is lying retroperitoneaUy (fig. 4), and either 
the mesentery or adjacent organs (cases 3-6). It is interesting to 
note that the rare occurrence of attachment to lumbo-sacral vertebrae 
by a retroperitoneal tumour was seen in case 7. In a search of the 
literature this feature was found recorded on two occasions only 
(Magoun, 1919 ; Golden and Stout, 1941, case 29). 

The inner surface of the wall of these tumours is characteristically 
rough and shaggy, the irregular appearance being due to numerous 
projections of friable brownish necrotic tumour tissue (figs. 1 and 3). 

The central cavity contains varying quantities of brovmish fluid 
made up of hquefied necrotic material and altered blood. The amount 
of fluid may be large—7 litres (1| gallons) in case 3. In cases 4 and 7, 
the cysts had to be partially evacuated at operation before it became 
possible to remove them. 

Site of origin. It seems certain that, in common with all other 
smooth-muscle tumours of the bowel, the group under discussion 
arises from the external muscular coat, while the retroperitoneal 
tumours originate in small scattered areas of unstriped muscle lying 
in the loose connective tissue of the retroperitoneal region. 

In the bowel tumours here recorded, it was always possible to 
observe the muscularis mucosae stretched over the mass, between 
it and the mucosa, except of course in areas where ulceration had 
occurred. 

In cases 4 and 5, which produced hour-glass ” tumours of the 
jejunum, an interesting picture was observed. Here it was possible 
to find a layer of normal smooth muscle running between the sub¬ 
mucous part of the growth and the large cystic subserous mass, while 
the histological picture of the two portions was identical. When 
sections were cut at different levels through the tumour, this layer of 
muscle was absent in one zone, and it seems probable that in each 
case the tumour commenced in the outer layers of external muscular 
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coat and burst through the inner layers only over a limited area to 
produce the submucosal tumour, thereby forming an even narrower 
nock to the hour-glass ” than was apparent macroscopically. 

Microscopic appearances. The tumours are composed of bundles 
of spindle cells, sometimes interlacing (fig. 9), in which myofibrils 
can be demonstrated (fig. 10), Considerable variation in coll typo is 
seen throughout all smooth-muscle tumours of the bowel, but in the 
subserou'i group, where the tendency to degeneration is greater, this 
variability is oven more marked. Thus areas of degenerating cells 
undergoing fatty breakdown 'with formation of lipoid globules in the 
cytoplasm aro frequent (fig. 11). Connective-tissue substrate is not 
a feature, but fibrous strands may be seen between the muscle-fibre 
groups, and in the degenerating portions there aro often cellular 
myxoid areas. 

There is a striking tendency for cells to align themselves so as to 
produce the appearance of nuclear “ regimentation or palisading 
(fig. 12). This fact, together 'with the degenerative changes described 
above, which in certain circumstances simulate those of the t 3 q) 0 'B 
tissue of the neurilemmoma, has caused doubt as to whether these 
tumours of bowel and retroperitoneal tissues arise in fact from smooth 
muscle or from neurilemma cells. The demonstration of myofibrils 
in the cells seems, however, to prove their origin, while the absence 
of a capsule between the tumour and the muscularis mucosae is 
another feature in favour of a smooth-muscle origin, for a well-formed 
capsule is an almost constant feature of the neurilemmoma. 

Most authors aro now agreed that tumours of the type hero 
described are of smooth-muscle origin, and Stout (1936; Golden 
and Stout, 1941) has oven reclassified three tumours as leiomyomata 
which he had originally described under the title of neurilemmoma. 

Features of malignancy. The question of microscopic evidence of 
malignancy has given rise to considerable discussion. It is a feature 
of the bowel tumours to show a gradual merging or interlacing of 
their cells with the normal muscle fibres of the muscularis mucosae, 
a finding which might be taken to indicate infiltration and therefore 
malignancy and has been interpreted in this manner by some authors 
(Schindler et aZ., 1940). However, it is almost always possible to 
demonstrate this phenomenon, oven in the small intramural masses 
where no question of malignancy arises; it would seem 'wrong, 
therefore, to regard it as evidence of invasiveness. 

Areas of undifierentiated cells are also found (fig. 13), but the 
tendency to degeneration described above gives rise to bizarre and 
apparently undifferentiated cell types, which may at first sight bo 
thought malignant. In realisation of those difficulties most authors 
have tended to agree 'with the suggestion of Lemon and Broders (1942) 
that the finding of mitotic figures is sufficient proof of malignancy. 
Certainly if relatively large numbers of mitotic figures are found, those 
must be regarded as histological evidence of increased growth activity 



146 


G. LUMB 


and as indicating the likelihood of malignancy (figs. 14 and 15). The 
converse, however, is not true, for, while it is considered that an 
occasional mitotic figure is no proof of malignancy, it must be admitted 
that among the rare examples of metastasis of smooth-muscle bowel 
tumours are cases where the primary growth was completely differ¬ 
entiated (Hunt, 1923 ; Demel, 1926 ; Melnick, 1932). 

Thus bizarre cell patterns and apparent invasiveness are not 
necessarily indicative of malignancy, while on the other hand rare 
examples of metastasis from completely differentiated tumours are 
recorded. For these reasons only a general impression can be formed 
and a guarded prognosis given on histological grounds, and in view 
of the fact that examples of metastasis are rare, it is felt that the 
recommendation supported by Golden and Stout, to abandon the 
term leiomyosarcoma with its suggestion of clear-cut malignancy, is 
sound; and it is proposed to describe these tumours simply as 
leiomyomata, histologically either well or poorly differentiated. Thus 
aU seven of the cases here described fall into the group of leiomyoma 
histologically poorly differentiated, in view of their anaplastic cellular 
make-up, active cellular division as evidenced by mitotic figures, 
very large size with central necrotic breakdown and tendency to invade 
surrounding structures. Metastasis, however, occurred only in case 3, 
w'here there was extensive peritoneal spread. In case 1 the patient 
lived for 14 years after operation without further symptoms, before 
djdng of a cerebral vascular catastrophe at the age of 74. 

Metastasis. The incidence of metastasis is somewhat difficult to 
assess. Golden and Stout give the figure of 30 per cent, for malignant 
cases while Pack and McNeer (1935) put it at 33 per cent. On the 
other hand, Marvin and Walters give 12 per cent, and Schindler et al. 
15 per cent. 

It seems clear that this apparent discrepancy arises out of the 
difficulty of histological criteria of malignancy. Thus the higher an 
author puts his proportion of malignant cases, the lower will be the 
percentage showing metastasis. It may be of some value therefore 
to quote actual figures for metastasis in all cases of unstriped-muscle 
tumours of the gut, without any attempt at subdivision into benign 
and mabgnant. Thus in Golden and Stout’s series of 51 cases from 
the gastro-intestinal tract, there were three which showed metastasis, 
while of the 9 cases of retroperitoneal tumours reported by these 
authors, three showed metastasis. The value of this latter figure, 
however, is somewhat vitiated by the fact that in only one of these 
cases was the whole tumour available for study, and also that this 
was the only case on which an autopsy was performed. 

It may be said, therefore, that metastasis is a rare event, but 
that it does occur from time to time ; hence generalisation on the 
subject of prognosis is difficult if not impossible, and each case must 
be follow'ed up carefully and treated on its merits. 



SMOOTH-UVSCLE TUMOURS OF INTESTINE 147 

SUM^IAHY 

1. Sevon cases of largo cystic smootli-musclo tumours of the 
gastro-intestinal tract (6 cases) and rotroporitonoal tissues (1 case) 
arc presented. 

2. In every instance the complete absence of symptoms directly 
referable to the tumour is noted, and the bizarre character of tho 
clinical picture is stressed. 

3. The dilRculty of assessing possible malignancy by histological 
means is discussed. 

4. Prognosis based on tho histolog)^ of these tumours jnust be 
guarded, and careful follow-up of all cases is not only in the best 
interest of the individual patient, but may also sors^e to throw light 
on the difficult question of the criteria of malignancy in general. 

My grateful thunks are due to Prof. K. J. V. Pulvertaffc for hia encourage¬ 
ment, to Sir Ernest Rock Carling, Sir Stanford Cade and Mr G. T. Mullaly 
for making available the clinical records of tlio cases under their care, and to 
Dr Peter Hansell of tho department of clinical photograpliy, Westminster 
Hospital. 
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A JMETHOD FOB OBTAINING ACCUBATE AND 
BEPBODUCIBLE BESULTS IN EXPEBDIENTS 
ON PHAGOCYTOSIS 

G. E. Davies 

From the Biological Lahoratones oj Imperial Chemical Industries Limitedt 
Hexagon House, Blactlci/, ManchesUr 

The opsonio technique has been largely abandoned in recent years, 
mainly because of the difficulty of obtaining reproducible quantitative 
results. IMost authors have mentioned this difficulty : thus, Gordon 
and Atkin (1938) wrote (p. 206) “ . . . phagocytosis experiments do 
not lend themselves to definite quantitative measurements . . 

In consequence, Gordon and Atkin contented themselves with demon¬ 
strating gross effects. For the work we had in mmd, namely a study 
of the action of chemical compounds on phagocytosis of staphjdococci 
by human leucocytes, the more demonstration of gross effects was 
useless. By the technique described in this paper, however, wo have 
been able to obtain reproducible quantitative results. Smeo by slight 
modifications it can be adapted to the study of many other problems 
connected with phagocytosis, we feel that it may be of some mterest. 

Materials and methods 
Bacienal suspension 

The aim was to obtam a suspension of bacteria which would, ns far ns 
possible, consist of mdmdual colls m constant numbers from day to day. This 
was achieved ns follows •— 

The afternoon before a test, 0 6 ml of a 24-hour broth culture of the organism 
is pipetted on to the surface of 6 ml. of sterile nutrient agar contamed m a 60 ml 
conical TjTex flask After tiltmg to allow the liquid to spread evenly over the 
surface of the agar, the flask is meubated at 37® C On the following morning, 
10 ml. of sterile saline and about 200 glass beads 2 mm. in diameter are added 
and the growth sxispended and homogenised by rotating the flask by hand for 
6 mmutes. With any particular stram of organism the results of v lablo counts 
on suspensions prepared m this manner are fairly constant from day to day. 
The viable counts obtamed with a strain of Staphylococcus aureus on six occasions 
are shown m table I. Table H shows that 85 97 per cent of the colls occur 
singly or m pairs as shown by stamed films Some experiments carried out 
usmg autoclaved suspensions of bacteria were unsatisfactory, in that autoclaving 
caused the cells to clump and to stam less readily. 

Preparation of leucocytes 

After a senes of preliminary experiments, usmg animal leucocytes obtamed 
in various ways, it was found that human leucocytes were preferable smee 
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they are bigger and stain better, and are more easily recognisable than those 
of the mouse, guinea-pig or rabbit. To avoid agglomeration of leucocytes 
caused by the clotting of plasma in the presence of coagulase-producing staphylo- 

Table I 

Jltprodiicibility of viable counts of Staph, “ Dod^ ’’ from day to day 


Date of expt. 

_ - . _ . _ 

Xo. of viatic bacteria per ml. 

4,5.49 

3,610,000 

5.5.49 

2,596,000 

6.5.49 ; 

3,460,000 

27.5.49 1 

3,460,000 

1.6.49 

4,590,000 

4.6.49 ' 

1 

2,500,000 


Table II 

Size of bacterial aggregates after suspensions had been rotated toith 
glass heads (approximately 200 groups of cells counted) 


Percentage distribution of groups in successive experiments 


3 ^ 0 . of 
cells 
per 

Staph. (Dofld) 

StapiL I 


1 

2 

3 

* 

5 


1 

2 

3 

4 

5 

1 

, 41*5 

45*5 

43-6 

44*5 

■ 

46*5 

46-5 

36*0 

30-6 

34-6 

32*0 

39*0 

2 

65*5 

60‘5 

60-6 

49-6 

47*5 

47*0 

67*5 

62*0 

65*0 

63*0 

48*0 

3 

1-6 

2-0 

4*0 

4‘0 

5*5 

6-5 

2*5 

2-5 

5*0 

6-6 

4*5 

4 

1-0 

1-5 

1*0 

1*5 

0*5 

1-0 

2-5 

3-6 

4*5 

6-0 

5*6 
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0‘5 

0'5 
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cocci, we used defibrinated blood collected in the apparatus shown in fig. 1. 
This consists of a small glass tube fitted with a siphon and U-shaped glass 
stirring-rod, one arm of which protrudes well above the top of the tube. 

Blood is obtained by means of Wright’s “ sliver-pricker ” (Wright, 1941-42). 
The drop of blood having been obtained, the siphon is applied to it and sufficient 
blood allowed to flow into the tube. The siphon is then withdrawn and the 
stirrer twirled between the finger and thumb mtil defibrination is complete; 
not less than 2 minutes should be allowed for this to happen. The start of 
defibrination is shown by an increased frothing of the blood. 


Preparation of mixture of leucocytes and bacteria 

Capillary tubes as recommended by Wright and Colebrook (1921) were 
chosen in preference to other types of tubes because they require only small 
amounts of blood* Tubes internally coated with paraffin-wax are used to avoid 
loss of leucocytes caused by their adherence to the walls of the tube. 
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TECHNIQUE OF PHACOCYTOSIS EXPEBIMENTS 

To prepare the mixture of blood and bacteria a rubber teat is fitted td the 
end of a Pasteur pipette internally coated with paraffin wax, and a mark ihade 
with grease pencil at a point about f m from the distal end of the capillctry* 
Defibrinatcd blood is dra^vn up to this mark and then a bubble of air alld^ed 
io enter A second volume of blood and one \ olume of bacteria, euspehded 
either m saline or in a solution m sal mo of the compound being tested, are niso 
introduced, each portion bomg separated from the next by a bubble o( 

The contents of the pipette are then expelled on to a microscope slide coated 
with paraffin wax and mixed by draw ing 
them mto and expelling them from the 
pipette five times Pmally the liquid is 
drawn well up into the capillary and the tip 
of the latter sealed in the pilot flame of a 
Bunsen Control experiments showed that 
no measurable phagocytosis happened durmg 
preparation of the tubes 

Incubation of the fmxtiircs 

Tlie temperature of incubation (37® C ) 
bemg an obvious choice, it remained for us 
to consider whether the tubes should remain 
stationary or be rotated Rotation results 
in a greater amount of phagocytosis but with 
staphylococci under the conditions described, 
adequate phagocytosis occurs if the tubes 
are left untouched for 30 mmutes 

Preparation of films and staining 

The sealed end of the capillary is broken 
off, a rubber teat fitted to the barrel and 
the contents mixed on a paraffined slide as 
before Drops of the mixture are then placed 
on clean microscope slides and films spread 
with the aid of the concave edged spreader 
described by Wright and Colebrook A rapid 
pushmg action is used when spreading m 
order to obtam a film of suitable thickness 
The films are rapidly dried m air, fixed m 
methanol for 2 mmutes and stained for 45 
mmutes m 1 m 50 Giemsa ^ stain (Gurr’s ^ —Apparatus for coll0<^ting 

Improved Giemsa Stain R 60) m pH 7 buffer defibrmatmg small quan 

They are then washed m buffer solution titles of blood x 2 
and allowed to dry without blottmg This 

method of sprea^g and stammg results m largo, well stamed leueoiJjdies 
Bacteria are easily differentiated from leucocytic granules by their deeper blue 
stam As manj as 80 cocci have been coimted m one leucocyte 

Estimation of the amount of phagocytosis 

The slides are exommed with a 1/12 in oil immersion lens Pifty neutrophilic 
polymorphs are observed and the number of bacteria present m ea^^b is 
recorded Although neutrophils were the only cells used m the investigd-tion, 
eosmophils were frequently seen to con tarn bacteria 
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number than would be expected from purely chance causes. This 
indicates either that leucocjdes vary considerably in their ability to 

Tabi^e VI 


Mea7is arid varia7ices of the results of typical experimeTtts 
with the bacteria suspeyided in saline 


Blood 

Bacteria 

Xo. of Elides 

Mean no. of 
bacteria per 
leucocyte 

Variance 

Coefficient of variation 

per leucocyte 
(per cent.) 

of mean per 
sDde 

(per cent.) 

GEB 

Staph. I 

2 

13*3 

64-1 

60 

8-5 

BYB 

9* 

3 

20*6 

70-4 

41 

5-8 

GED 


3 

18-8 

204-9 1 

76 

10-7 

GED 

Staph. B 

3 

14*0 ' 

44-9 ' 

48 ! 

6-8 

BYB 


3 

9-5 

55-9 

79 1 

11-2 

GED 

Staph. E 

4 

14-2 

86-7 

66 1 

9-3 

BYB 

>1 

4 

10-3 

70-6 

82 i 

11-6 


engulf bacteria, that the bacteria tend to agglutinate, or that when 
a leucocjd:-e has engulfed a bacterium its ability to engulf other bacteria 
is increased thereby, or to some combination of these causes. 

Large variations in both the mean and the variance occur from 
one control experiment to another. When the standard deviation 
is plotted against the mean for each slide in the whole of the data, 
it is seen that the standard deviation tends to increase linearly with 
increases in the mean (fig. 2). This indicates that the coefficient of 
variation (that is, the standard deviation expressed as a percentage 
of the mean) is a more appropriate measure of the variation than the 
standard deviation. Selected values of the coefficient of variation 
are included in table VI together with the coefficient of variation of 
the mean per slide, which is the former value divided by 
50 being the number of leucocjdes counted per slide. 

Examination of a large number of tests in this laboratory shows 
that there is no e\n.dence of real variability between slides from the 
same capillary tube and between tubes treated alike in the same 
experiment. It does not necessarily follow that this is universally 
applicable and it is recommended that two tubes and two slides 
per tube be taken for each drug and each control: this represents 
the normal experiment in this laboratory. Such data are readily 
amenable to the Analysis of Variance.’’ The coefficient of variation 
of the mean per slide varies from about 5 to 12 per cent, but is usually 
between 7 and 9 per cent, in the experiments carried out in this 
laboratory. This is used as a guide to the order of accuracy that 
can be achieved. Other laboratories may obtain different values for 
the coefficient of variation, but if the experiment is carried out as 
recommended above, a valid estimate of the experimental error may 
be obtained from each experiment. 

If V per cent, is the coefficient of variation of the mean per slide, 
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the coefficient of variation of the mean over the two tubes, with two 
slides per tube is t;/2 per cent, since in our experiments there was no 
evidence of variation caused by the preparation of the tubes or tlie 



slides. From this we may readily derive the probable limits of error 
of the phagocytic coefficient, which is defined as :— 

Average no. of bacteria ingested by one polymorph in test solution. 
Average no. of bacteria ingested by one polymorph in saline. 
Table VH 


95 per cent, limits of error of the phagocytic coefficient 


Set-up 

1 

Coefficient of Variation of 
mean per elide %= r per cent. 

6 per 
cent. 

8 per 
cent. 

12 per 
cent. 

Ono tube ; 2 elides 

Upper limit (l-fSe/lOO) 

MO 

MG 

1*24 

per tube 

Lowerlimit l/(l-f2y/100) 

0-91 

0-8G 

0*81 

2 tubes; 2 slides 

Upper limit (1+uv'^l00) 

1-07 

1-11 

M7 

per tube 

Lower limit 2/100) . 

0*93 

0-90 

0*85 

m tubes; n elides 

Upper limit l-)*2y‘v/2/100'\/^ 




per tube 

Lower limit l/(l+2vv2/100Vmn. . 














154 


G. E. DAVIES 


number than would be expected from purely chance causes. This 
indicates either that leucocytes vary considerably in their ability to 

Tabi;e VI 

Means and variances of ike results of typical experiments 
vnth the bacteria suspended in saline 


Blood 

Bacteria 

Xo. of slides 

Mean no. of 
bacteria per 
leucocyte 

Variance 

Coefficient of variation 

per leucocyte 
(per cent.) 

of mean per 
slide 

(per cent.) 

GED 

staph. J 

2 

13'3 

64*1 

60 

8*5 

BYB 


S 

20'6 

70*4 

41 

5*8 

GED 

tl 

3 

18-8 

204*9 

76 

10*7 

GED 

Staph, B 

3 

14*0 

44*9 ' 

48 

6*8 

BYB ■ 

>> ' 

3 

9*5 

55*9 

79 j 

11*2 

GED 

Staph. E 

4 

14*2 

86*7 

66 ' 

9*3 

BYB 

a . 

4 

10*3 

70*6 

82 

11*6 


engulf bacteria, that the bacteria tend to agglutinate, or that when 
a leucocyte has engulfed a bacterium its ability to engulf other bacteria 
is increased thereby, or to some combination of these causes. 

Large variations in both the mean and the variance occur from 
one control experiment to another. When the standard deviation 
is plotted against the mean for each slide in the whole of the data, 
it is seen that the standard deviation tends to increase linearly with 
increases in the mean (fig. 2). This indicates that the coefiicient of 
variation (that is, the standard deviation expressed as a percentage 
of the mean) is a more appropriate measure of the variation than the 
standard deviation. Selected values of the coefficient of variation 
are included in table VT together with the coefficient of variation of 
the mean per slide, which is the former value divided by 
50 being the number of leucocytes counted per slide. 

Examination of a large number of tests in this laboratory shows 
that there is no evidence of real variability between slides from the 
same capillary tube and between tubes treated alike in the same 
experiment. It does not necessarily follow that this is universally 
applicable and it is recommended that two tubes and two slides 
per tube be taken for each drug and each control: this represents 
the normal experiment in this labo^ato^J^ Such data are readily 
amenable to the “ Analysis of Variance.’^ The coefficient of variation 
of the mean per slide varies from about 5 to 12 per cent, but is usually 
between 7 and 9 per cent, in the experiments carried out in this 
labo^ato^}^ This is used as a guide to the order of accuracy that 
can be achieved. Other laboratories may obtain different values for 
the coefficient of variation, but if the experiment is carried out as 
recommended above, a valid estimate of the experimental error may 
be obtained from each experiment. 

If V per cent, is the coefficient of variation of the mean per slide, 
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6i6.329—018.7 

COLmiNAR CILIATED EPlTHELIUiM IN THE 
ADULT (ESOPHAGUS 

C RAEnURN 

From ihe Central Histological Laboratory, Whittington Hospital, London 
(PlATE XX^TII) 

Tlio CESOpliagiw of the 2 mm embrj o is lined by a single layer of cubical 
or columnar entodermal cells , beneath this a basal laj er of cubical or spheroida. 
cells gradually forms and is complete at the 4 mm stage The superficial collf 
become more columnar, at 30 mm ciha appear, and by the 65 mm stage (eleven 
weeks) the entire ccsophagoal Iming is ciliated Gl> cogen containmg vesiculai 
ceUa now appear m the basal lajer , these gradually develop into squamoiu 
cells and,pariposs« with their grov\ th, the columnar cells atrophy and desquamatt 
and the mature stratified squamous lining is completed about the 210 nun 
(twentj four weeks) stage (Jlavimow and Bloom, 1942 , Patton, 1046) 

It would not be surprising if areas of columnar epithelium persisted, but 
the only recorded instance is that of a seven months’ foetus (Healey, 1919 20). 
It has not been reported hitherto in the adult 

Case report 

A woman of 35 died after n brief liyperpyrexial illness thought to be 
fulmmatmg menmgococcal meningitis The positive autopsy findings were 
confined to the brain, pituitary and oesophagus 

Brain The convolutions were flattened and a pronoimced cerobello 
medullary pressure cone was present The entire ventricular system was 
dilated, particularly the left lateral ventricle, into which bulged a slightly 
nodular mass 3 cm in diameter, which on section was seen to arise m the tail 
of the caudate nucleus It contained small cysts and foci of calcificotion 

Pituitary A discrete yellow nodule 0 3 cm m diameter was present m 
the anterior lobe and the pars mtermedin contamed a colloid cj’St 0 2 cm m 
diameter 

(Esophagus The lower half of the cesophageal mucosa exlnbited irregiilar 
and elliptical, purple coloured and slightly recessed areas rangmg from about 
0 2 to 2 cm m diameter The surface of tlieso areas had a velvety texture 
and at the time it was thought that they might be composed of gastric muensa 

Histology 

The cerebral neoplasm is a well differentiated astrocytic glioma The 
anterior lobe of the pituitary contains an area, mainly of chromophobe c©hs 
but wnth groups of eosinophil and a few basophil cells, which, though compact 
and well demarcated macroscopically, histologically merges with the surrounding 
glandular tissue and ls not encapsulated It is a malformation rather than a 
true adenoma 
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Tho unusual appearance of the cBsophagus is due to the presence of islands 
of ciliated columnar epithelium resting on a basal layer of ovoid cells with 
more densely staining nuclei and clear cytoplasm (fig.)* Best’s glycogen stain 
gives a negative result but Mayer’s muci-carmine stain shows the presence of 
mucin droplets in both basal and columnar cells. The transition from squamous 
tiO columnar epithelium has been largely destroyed by post-mortem desquama¬ 
tion but fragments of a single layer of cubical epithelium remain at the jrifiTgins 
of the ciliated plaques. 

This oesophageal anomaly indicates a localised arrest of development and 
consequent persistence of the original embryonic entodermal epithelium. 

JVIy acknowledgments are due to Dr A. B. Bratton for helpful criticism 
and to Mr G. W. Moore for the photography. 
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6i6.37—002.692—053.32 
GUMIMA OF THE PANCREAS IN A PREMATURE INFANT 

C. Raebubn 

From the Central Histological Laboratory, Whittington Hospital, 

London 

(Plates XXIX and XXX) 

Congenital syphilitic fibrosis of the pancreas is still occasionally seen but 
a congenital gumma of that organ has always been exceedingly rare. Herxheimer 
(1908) cites three cases, two seen by von Klebs and Birch-Hirschfeld and one 
by Beck. Ghon (1936) mentions the possibility of gxunma but gives no reference. 

Clinical history 

During her first pregnancy a woman was found to have a strongly positive 
Wassermann reaction. She failed to receive treatment and spontaneous delivery 
occurred in the thirty-second week of pregnancy. The child had the typical 
skin lesions of pemphigus neonatorum and was immediately treated with 
penicillin. The bullre healed remarkably well but the general condition of the 
infant deteriorated and it died on the seventh day. 

Necropsy 

The body was that of an emaciated and slightly oedematous premature 
female infant, 2J lb. in weight, with wizened facies and the flat, slightly crusted, 
dull red scars of healing pemphigus equally distributed over the entire body 
surface ; there was approximately one scar 0*5 cm. in diameter, to each 25 sq. cm. 
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of skin surface. The upper reqpiralory passages presented no abnormality but 
the lungs, which wore perceptibly tough on section, wore deeply congested 
and showed basal bronchopneumonia and small circumscribed areas of atelecttisis. 
The foramen ovale and ductus arteriosus were widely patent. The Cardiff of 
the stomach showed patchy brown discolouration, mainly anteriorly and along 
the proximal third of the greater curvature; in these areas the W’all was 
thickened and the mucosa finely granular. Similar thickened and discoloiJred 
patches occurred in the duodenum in the parts related to the pancreas, Xho 
head of the pancreas appeared as a hard, spherical, fibrous mass 2*6 cm- in 
diameter adherent to the duodenum. This on section proved to bo a polycystic 
gumma with necrotic, semi-purulent, greenish wliito contents (fig. 1). The 
body and tail of tho pancreas were fibrotic. The remaining organs were macro* 
Bcopically normal. 

Hietology 

Portions of lung, stomach, duodenum, pancreas, liver, spleen, adrenal and 
kidney were embedded in paraffin ond sections stained with hrematoxylin and 
eosin, iron hrematoxylin and Van Gieson, and Woigort’s stain for elastic fibres. 
In addition portions of liver, adrenal, kidney and pancreas were treated by 
Levaditi’s method for spirochretes. 

All tho organs examined are oedomatous and active hemopoiesis is present 
in tho spleen. Tho specific lesions occur in some degroo in all those tissues- 
with tho exception of tho spleen and adrenal. The pancreatic lesion is a typical 
gummatous necrosis with pericellular fibrosis of tho surviving glandular tissue. 
At tho margin of the necrotic area the cellular reaction is more pleomorphic 
than in the average gumma, foci of neutrophil leucocytes being mingled with 
plasma colls, lymphocytes and occasional small multinucleated colls. Tho 
process is walled off by dense collagenous tissue in which are a few miliary 
gummata and scanty glandular elements (fig. 2). Numerous spirochnetes ore 
demonstrable in the periphery of the necrotic zone (fig. 3), The duodctittm 
is involved by contiguity and miliary gummata are present in the submucosa, 
while tho inflammatory' cellular exudato permeates the mucosa itself, including' 
tho basal parts of the villi. In the fundal portion of tho stomach the thickened 
areas contain many lymphocytes, plasma colls and fibroblasts, obliterative 
arteritis is a prominent feature and minute necroses and mucosal ulcers ar& 
present (fig. 4). Tho lungs show congestion, partial atelectasis and focal 
bronchopneumonia. There is diffuse, delicate fibrosis, generalised atrophy of 
elastic tissue and prominent arteritis (fig. 6). Tho fiver changes are minimal, 
consisting only of slight fibrosis. Myeloid tissue is present along tho portal trocta 
and there is focal erythropoiesis in tho parenchyma. In tho kidney thero is 
endarteritis of occasional interlobular and arcuate arteries, and focal, delicate,, 
reticular fibrosis. 

Summary 

A case of congenital syphilis is described with the characteristic lesions in 
lung and kidney, the unusal feature of involvement of tho stomach and duodenum 
and the exceedingly rare gumma of the pancreas. 

My acknowledgments are due to Dr A. B. Bratton for helpful criticism and 
to Mr G. \V. IMooro for tho photography. 
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616.26—007.43—06 : 616.12—007.1 

A CARDIAC ARN0R:MALITY IN THE FOSTUS, APPARENTLY RESULT¬ 
ING FROM PREMATURE CLOSURE OF THE FORAMEN OVALE 
DUE TO PRESSURE OF A DIAPHRAGIVIATIC HERNIA . 

C, Raebtjrn 

Fro77i the Central Histological Laboratory, Whittington Hospital, London 

Tlio individual malformations to be described are in themselves not of great 
rarity but the induction of a cardiac abnormality as a result of a primary 
diaphragmatic defect is possibly of importance in the study of foetal pathology. 

Case report 

The first child of a healthy mother aged 19 years, whose pregnancy and 
delivery were normal, failed to breathe and died within a few minutes. 

Necropsy. The body was that of a full-term female infant weighing 6 lb. 13 oz. 
The chest was barrel-shaped and the abdomen slightly scaphoid. TI 10 umbilical 
cord was normal. The left side of the diapliragm was deficient and the thorax 
contained the stomach, spleen and intestines, while the anterior wall of the 
imder-developed abdominal cavity rested against the vertebral column. The 
greatly enlarged heart was displaced to the right and the h 3 rpoplastic left lung 
was twisted upon its hilum. The thoracic cage and contained viscera, together 
with the thoracic and lumbar vertebrae and all organs down to and including 
the kidneys, were excised and fixed for detailed study. 

Thoracic stTnicturcs. The left crus and left cupola of the diaphragm were 
absent and the hiatus was occupied by a thin, transparent pleuroperitoneal 
membrane, with a crescentic, thickened anterior border. This membrane was 
invaginated by the abdominal viscera upwards to the left apex of the thoracic 
cavity and mediallj?- to the anterior border of the normally developed but 
atelectatic right lung. The lower oesophagus deviated to the right to a maximum 
of 2*5 cm. and the inverted stomach, greater curvature uppermost, lay above 
the left lobe of the liver and in contact with the anterior chest wall. The first 
part of the duodenum was flexed roimd the free border of the right crus of the 
diaphragm, the remainder occupying the normal-position ; but the entire small 
intestine lay in the left half of the thoracic cavity and, behind it, in the para¬ 
vertebral region, lay the cfficum and the ascending and transverse colon. The 
spleen had been drawn antero-medially by the displaced stomach and the 
attachment of the pleuroperitoneal membrane on the left side bisected the left 
adrenal, the upper half of which, demarcated by a well-defined groove, thus 
lay within the thoracic cavity. The left lung had faded to develop beyond a 
maximum length of 3*5 cm. and an average thickness of 0*5 cm. and the 
compressed lung tissue provided only the slightest cover for the bronchial 
structures, the edges of the lobes being transparent. This lung had, as a result 
of the pressure of the ascending gut, rotated upon its hilum so that the lower 
lobe passed baclavards and upwards and the lung “ apex ” was formed by the 
true posterior margin of the base of the lower lobe compressed into the angle 
between the trachea and the subclavian vessels. The apex of the upper lobe 
had swung anteriorly and downwards and lay in contact with the upper part 
of the left border of the pericardium. This torsion through had reduced 
the left pulmonary artery to a minute irregular slit. The luraina of the left 
pulmonary veins were similarly obstructed and the lateral wall of the left 
auricle was distorted and displaced medially, thu*:. diminishing its cavity. The 
foramen ovale persisted as a crescentic valvular slit of small size. The cavity 
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Fio. i —Mii^’roscopic nppoarariLo of gumma m Ivoatl of pancreas, x 1*6, 



Fig. 2.—Gumma of pancreas showing extensive necrosis, fibrosis and a feiv 
remaining pnncrcotic tubules HromatoNylin and eosm, x70. 
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of tlio left ventriclo extended dovnawards os o rapidly diminishing cone, 3 cm. 
in length, from a mitral valve 1-5 cm. in circumference and an aortic valvo 
0*0 cm. in circumferonco. Around this lij^ioplostic loft ventricle the myocordmm 
averaged 0*4 cm. in thiclcncsa (fig.). The right ventricle formed the entire 
anterior surface and apex of the heart and was hypertrophied to a thicioiess 
of 0*4 cm. Tlio tricuspid valve measured 3*0 cm. in citcuroforence, the pulmonary 
valvo 2*0 cm. Tlio main pulmonary artery was dilated and Iiyportrophicd 



Fio.—Diagrammatic representation of the multiple defects of the heart. L.V. Hypo* 
plastic loft ventricle. A. Hypoplastic aorta. B.V. Enlarged tight ventricle. 
P.D, Pulmonary artery-ductus artorioaua trunk showing the orifices of tho 
pulmonary arteries: right, normal; left, minuto, 

and the diameter of the right pulmonary artery was 0*25 cm., that of tho 
distorted loft pulmonary artery not more than 0*1 cm. The ductus arteriosus 
diminished from 1*G cm. in circumference at its origin to 1*1 cm. at its termina¬ 
tion. TIio circumferenco of tho aorta proximal to tho ductus was 0*3 cm. and 
immediately distal to tho ductus 1*4 cm. Tho pulmonary trunk and ductus 
formed a coutmuous artery from which the right and loft pulmonary arteries 
arose as lateral branches (fig.). 


Discussion 

Cardiac anomalies generally arise between tho fifth and eighth weeks of 
embryonic life (6-20 mm.) when metamorphosis to the septate heart is occurring. 
In this instance the valves and septa are normal and tho abnormalities to bo 
explained are tho hypoplasia of the left ventricle and aorta and the hypertrophy 
of tho right ventricle, pulmonary artery and ductus arteriosus. 

At the eighth week (20 mm.) tho pleuroperitoneal membrane should close 
and separate the two body cavities and at the same time muscle fibres grow 
into the edge of the membrane from the body wall to form the future diaphragm. 

j. PAta. Bier,—roL. ixm 
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When the membrane fails to close, the abdominal viscera herniate into the 
thorax but are not covered by membrane, and wlien the membrane closes, but 
muscle permeation is deficient, the result is a hernia covered, os in this case, 
by pleuroperitoneal membrane. The commencement of the series of events 
may therefore be placed at or about the ninth week. 

In this case as the abdominal contents increased in size they followed the 
line of least resistance into the thorax and the abdominal cavity remained 
tmder-developed. On the left side a crescentic, tliickened edge of membrane 
extended from above the left lobe of the liver round the anterolateral wall 
of the thorax to the left adrenal, so that the greater part of the malformed 
area lay posterior to the transv^erse median longitudinal plane of the body 
cavities. Thus as the intestines rose into the thorax they first pushed against 
the posterior part of the base of the developing lung, carrying it upward and 
backwards and so initiating the pulmonary rotation. 

The configuration of the Ivmg and the line of fission between the upper and 
lower lobes which is present at the 30-mm. (nine weeks) stage also predispose 
to baclward rather than forward displacement of the lower lobe. The torsion 
of the left lung would constrict the left pulmonary artery and left pulmonary 
veins and the twist on the lateral wall of the left auricle distort and considerably 
diminish the capacity of the auricular cavity. As development progressed the 
intestines would pack tightly into the left side of the thorax and displace the 
mediastinum to the right. All the organs confined within the pleuroperitoneal 
membrane would act as one solid mass, with the main pressure exerted against 
the compressible structures on the medial side, particularly the left auricle, 
the walls of which must have been almost in apposition. The distortion of 
the left amide is, it is suggested, the important cardiac deformity, for it led 
to an obstruction to the flow of blood from right auricle to left auricle through 
the foramen ovale. The left ventricle and proximal aorta, lacking the dynamic 
impulse of full distension, have failed to develop and conversely the hypertrophy 
of the right ventricle, pulmonary artery and ductus arteriosus is commensurate 
with the additional work thrown upon them by blockage of the foramen ovale 
and the acquisition of the bulk of the systemic circulation by the right ventricle. 
Functionally it is a bilocular heart. 

The difference between foetal and post-natal pathology is largely one of 
difficulty of observation and, though the case described is an example of a 
gross malformation inducing gross defects in a neighbouring structure, it may 
reasonably be suggested that a consideration of the mutually induced modifica¬ 
tions of structure in developing organs is more likely to be of value than the 
attribution of anomalies to an unmeasurable defect of the germ plasm. 

No relevant references have been traced. 


Summary 

A multiple congenital anomaly of the heart comprising left ventricular 
and aortic hypoplasia, relative aortic stenosis, hypertrophy of the right ventricle, 
hj’pertrophy and dilatation of the pulmonary artery and hypertrophy of the 
ductus arteriosus, is considered to be due to functional closure of the foramen 
ovale by the pressure of a diapliragmatic hernia. 

Afy thanks are due to Dr A. B. Bratton for helpful criticism. 
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A NEW ANTIGEN OF BRUCELLA ABORTUS 

H L Wolff and J E DrsTaru 

From the Laboratory for Tropical Hygiene of the State University^ 

Leiden 

We rocontly received from Prof C D de Langon a stram of bactef»»ini 
-a Inch was indistmguishable morpliologically and biochomicallj from BrUcella 
abortus This had been isolated from the duodenal contents of a patient who 
at one time had suffered from brucellosis The organism was agglut mated by 
the serum of the patient from whom it had been isolated, but not, or only to 
a slight extent, by tlie rabbit anti Brucella sera used by us for diagnostic 
purposes Besides this, the serum of the patient, though effective against his 
own organism, failed to agglutmato laboratory strains of Brucella 

These rather paradoxical observations seemed to justify a thorough 
investigation of the stram 

Experimental 

Morphology and biochemical reactions The organism was a straight, slender 
to stout, non motile, Gram negative, unencapsulated, ellipsoid rod, v afymg 
m length from 0 3 to 1 5 and not exceeding 0 3 m thickness Growth was 
improved by increase m the carbon dioxide concentration and m the humidity 
of the atmosphere , it was retarded by 1 30,000 thionin, but not by 1 2^,000 
basic fuchsm or 1 26,000 gentian violet, the colonies wore smooth and looked 
xailvec No aovd wca Corraad vn any of tl\o usuc.1 lohocabocy angava ojad 

no indol was formed m trypsm broth 

In all these respects the stram, conveniently called L agreed closely with 
the strains of Brucella so far described 

Antigenic constitution Agglutmation tests were carried out as far as poS-'^ible 
m parallel The tubes were kept at 37° C for two hours and then for a further 
IG hours at room temperature (18° C) before readmg It made no diffefonco 
whether agglutmation titres were determined at 37° or at 60° C 

Though the stram was not agglutmated by the rabbit anti Brucella sera 
kept in the laboratory for diagnostic purposes, it was consistently agglutinated 
by the sera of patients who were suffermg or had suffered from brucellosLs 
Agglutmation was much slower than with typical Brucella strains and the 
flocculi were much smaller There appeared to bo no correlation between the 
agglutmm titre of these sera against typical Br abortus strams and that against 
the L stram (table I) 

Sera were then absorbed with typical Br abortus (stram G3) and the L strains 
as follows They were diluted to i m 25, mixed with the absorbmg bacterial 
suspensions and meubated for two hours at 37° C At the end of a further 
33 hours at 4° C the mixtures were centrifuged and the supernatants tested for 
their agglutination titro agamst Br afiortiw stram 63, Br melitensis and stram L 
Table H shows that stram L absorbs from human anti Brucella sera all Brucella 
agglutinins while typical Br abortus does not absorb all the L agglutinms 
It seems reasonable to conclude that stram L possesses, beside antigens A and 
M, a thurd antigen, L 

Heatmg strain L for thirty mmutes at 100° C greatly reduced the amount 
of L antigen, as judged by the reduced agglut inability of the heated organism 
with human anti Brucella sera After such treatment the L stram was readily 
agglutmated by rabbit anti Brucella sera (table III), presumably because the 
A and M antigens were now exposed 
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Discussion 

There is an obvious parallel between the antigen L of our Brucella strain 
and the Vi antigen of some strains of Salmonella iyphi. Tj^hoid bacilli which 

Table I 

Comparison of agglutinin titres of rabbit aniUBrucdla sera and of the sera of 
Brucdla carriers against various Brucella strains 


Sera 

Strains 

Br. abortus 

L 

Br. inelUensis 

Br. a6orii«*wf# 

Rabbit 237/6 . 


0 


400 

„ 237/6 . 


0 


1600 

„ 237/14 . 


0 


800 

.. 579 .. . 

800 

0 


200 

Patient I ... 

1600 


800 

800 

„ na . 

800 


200 

200 

„ nb . 

800 


200 

i 200 

„ He . 

400 


200 

1 100 

„ Hd . 

200 


200 

1 100 

„ Ilia 

800 

1600 

200 

1 400 

mb . 

800 

1600 

200 

200 


Table II 

Agglutinin titres of sera before and after absorption toith 
Br. abortus strain G3 and with strain L 


Strain 

Serum from patient 

Ha 

nc 

absorbed with 

absorbed with 

0 

Br. abortus, 
strain 03 

strain L 

0 

Br. abortus, 
strain 03 

strain L 

L . . . . 

1600 

400 

0 

3200 

800 

0 

Br* abortus, strain 63 

800 

0 

0 

400 

0 

0 

Br. mcUtcnsis 

200 

0 

« 

1 

200 

0 

0 


Table III 


Agglutinin titres of sera against strain L before and after heating 


Sonim 

Orgardsm used: strain L 

unheated 

heated 1 lir. 
at 45“ C. 

licated 1 hr. 
at 50“ C. 

licated 1 hr, 
at 05“ C. 

heated h hr. 
at 100“ C. 

Patient Ilia 

1600 

400 

400 

400 

400 

Rabbit 579 . ^ 

0 

1 

0 

1 

0 : 
1 

0 

1 

400 


possess the Vi antigen are readily agglutinated by the serum of typhoid carriers 
but when the V'idal test is carried out %vith laboratory strains that have lost 
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tho Vi antigen, or with Ficker susponsiona without Vi, the sera always fail 
to agglutinate. 

As species of Brucella possess no H antigen, the failure of laboratory sera 
that do not contain anti-L to agglutinate the L strain is evidently duo to tlie 
fact that the I» antigen completely covers the surface of tho A and I\I antigens. 
The same phenomenon is seen in typhoid bacilli that possess tho Vi antigen, 
but whoso H antigen is either absent or badly developed. Primary isolation 
in such instances yields a strain that is not agglutinated by laboratory sera. 

In both cases, therefore, we are dealing with antigens that are able to induce 
in the carrier the production of specific agglutinins, but envelop the bacteria 
and make them inagglutinablo by laboratorj" sera prepared by the use of strains 
from which this particular antigen is absent. So far strain L lias retaine^ 
antigen L through numerous subcultures. If this should continue, and it is 
found that the sera of all Br. abortus eaxTiors can agglutinate Brucella strains 
possessing the B antigen, the L strain might bo of ns great diagnostic value in 
the detection of Br. abortus carriers ns the Vi strain is in the case of typhoid, 

Much moro serological work needs to be done, and much work on tho 
chemical nature of tho antigen. 

•Summary 

A strain (L) of BniceUa abortus is described, which possesses, besides the 
antigens A and M, a further antigen L. This antigen envelops the organism 
so ns to render it inagglutinablo by the usual rabbit anti-Brucella sera, though 
it is agglutinated by tho sera of Br. abortus carriers. Heating to 100® C, for 
30 minxites renders the organisms agglutinahle by rabbit anti-Brucella sera, 
presumably by removing the L antigen from the bacterial svurfacc. 

Parallels with the Vi antigen of S. typhi are indicated, and it is suggested 
that tho L strain might bo of value in the detection of carriers of Br. abortus. 

Addendum 

Further observations with strain L gave the results in table TV. Un¬ 
fortunately strain L became rough after 9 months of intensive study. Lyophile 


Tabi;e IV 

Aggluiinatwi o/ dijO^creni Brucdla, strains by sera obtained from 
rabbits and guinea pigs infected with strain L 


Sera 

Strains 

fi3 

L 

M 


K 20. 

800 

1600 

200 ( 

400 

K 20 absorbed ■with strain 63 . 

0 

400 

0 

0 

K. 20 absorbed ■with strain B 

0 

0 

0 

0 

K46 . , , 

400 

400 

100 

200 

K 46 absorbed with strain 63 . 

0 

200 

0 

0 

K 45 absorbed ■with strain 1, 

0 

0 

0 

0 

C zg. 

200 1 

200 1 

0 

0 

C bw , , . , . 

100 1 

200 1 

0 

0 


63 »= Br. abortus Bang. M » Br. melitcnsia. 

L = the investigated Brucella strain. S =: Br. ahorius-suis. 

5C 20 and K 46 are sera of rabbits previously infected ■with strain L. 

C zg and C b'w ora sera of guinea-pigs treated -with the same strain. The rabbits -were 
seriously ill and lost much ■weight. The guinea-pigs -were ill also. 

dried samples are rough also. Criteria for roughness are ; agglutination after 
2 hours at 100 C, and spontaneous agglutination of the bacilli after treatment 
with atstifla-vine, O'l per cent. 
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FURTHER OBSERVATIONS ON THE GRAH-TWORT STAIN 

W. S. 

The Wdlcome Research Laboratories, Beckenham, Kent 

Since the publication of a method for staining Gram-positive and Gram¬ 
negative bacteria in sections (Ollett, 1947), we have had many enquiries about 
the method of l^reparing Tvs'ort’s stain. This neutral red-light green mixture 
was prepared by Twort (1924) by mixing half-saturated aqueous solutions of 
the dyes and dissolving the precipitate so formed in SO per cent, alcohol; the 
resulting stock solution was diluted with an equal volume of water to make 
the staining solution. Until recently we have used this method, substituting 
fast green FCF for light green to avoid fading. 

We have recently foimd that a satisfactory stock solution can be made by 
mixing absolute alcoholic solutions of neutral red and fast green FCF. No 
precipitate is formed, and this stock solution diluted 1 in 4 with distilled water 
gives excellent results, identical with those obtained with the original Twort 
stain. The pH of this stain, like that of Twort’s stain, is 4-9 ; this may depend 
on the dye samples we used, but uniformity in this respect could be secured 
by diluting the stock solution in Mjb acetate buffer instead of distilled water. 

The proportions of the dyes given below are only approximate, and the 
optimum formula will depend on the dye content of the samples used. Tlie 
stock alcoholic solution should be of a reddish magenta tint; too much green 
will weaken the red bacterial staining. The total dye concentration is less 
critical. 


Modified TvoorVs stain 

Stock alcoholic solution 

0*2 per cent, alcoholic neutral red (C. 1. no. 825) . . 90 ml. 

0*2 per cent, alcoholic fast green FCF . . • .10 ml. 

For use, dilute one volume of stock solution with tliree volumes of distilled 
water. Use as counterstain to Gram’s method, as previously described (Ollett), 
but clear in monochlorbenzene instead of xylene and mount in L.P.M. Tlie 
use of xjdene leads to fading of the Gram’s stain. 


L.P.M, Monntant 

Lustron (L 2020) crj-stal clear 100 g. 

Di^sol\*e in a mixture of 

Dibutyl phthalate .... 50 ml. 

Mono chlorbenzene . . . . 300 ml. 

Lustron is apparently identical with “ Distrene 80 ”, which is now un¬ 
obtainable. 

I wish to thank Dr C. L, Oakley and Dr D. J. Trevan for their guidance and 
advice. 
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576 . 851.49 (Salmonella) : 576 . 809.542 

SrULTIPLICATION OF CERTAIN SALMONELLA SPECIES 
IN AUTOCLAVED BUFFERED TAP IVATER 

P. B. Croni: 

Public Health Laboratoryt Royal Infirmary^ Sunderland 

In 1937, Bigger demonstrated that various strains of non-pathogcnic 
coliform organisms were able to multiply in natural waters. He found that 
these waters, after being autoclaved, filtered or treated with various substances, 
w*ould support growth more readily. It has been possible to extend his findings 
to include multiplication in bufTerod tap water of three species of Salmonella. 


Experimental mrihod 

To remove traces of organic matter all glassware was steamed for 6 hours 
in a cluromic acid mixture (cliromium trioxido 100 g., 20 per cent, (v/v) sulphuric 
acid to I litre). It was rinsed in several changes of tap water and finally in 
distilled water. Water to be tested was made into Af/100 potassium dihydrogen 
phosphate-caustic soda buffer of pH 7 and 1 ml. quantities were put into 
test tubes. These were plugged with cotton-wool and autoclaved at 
10 lb. for 15 minutes. In this way tubes of autoclaved buffered tap water wore 
prepared 'W’ith Newcastle water, which, originating as an upland surface water, 
receives considerable treatment, including aluminium-sulphate precipitation, 
filtration and chlorination. The same was done with Sunderland water, chiefly 
a deep-well water, but containing a variable amount of unfiltered upland 
surface water. Tubes of autoclaved buffered distilled water wore also made 
and used in exactly the same manner to servo as controls. The distilled water 
was produced in an all-glass still operated slowly. Slow distillation was essential, 
because rapid distillation caused splashing and the distillate supported growth. 

With two exceptions, the organisms used were recently isolated from coses 
of food poisoning or enteric fever. They wore taken either from platings of 
ficees on desoxycholato-citrate agar or from the same medium after enrichment 
in selenite broth. The two exceptions were from egg-slope cultures of organisms 
similarly isolated a year before. With a wire, tubes of the buffered water were 
inoculated direct from the plates. After incubation of the tubes at 37® C. for 
about 24 hours, a large loopful—about 0*01 ml.—^^vas spread on a solid medium 
which was similarly incubated. If more than ten colonies appeared on the solid 
medium a subculture of an, equal inoculum into another water tube was made. 
If less than ten colonies appeared, incubation of the tube was continued until 
more than that number were present. When, even after many days’ incubation, 
no colonies developed from a loopful, the last tube to have a satisfactory count 
was used to start another seri«3 of cultures. In some cases, especially early 
in each series, subculture was carried out, without a count being made, on 
solid medium, each tube of the series being incubated for 24 hours. By the 
9th subculture in water it could bo confidently assumed that the organisms 
were growing on some substance in the water and not on nutrient carried over 
from the original plate. 

Reaulto 

Three strains of Salrn, typhimurium and one each of Salm, paratyphi B 
and Salm. enteriiidia were cultured in series in at least 10 tubes of Newcastle 
autoclaved buffered tap water. In addition each of these was passed through 
three transfers in Sunderland autoclaved buffered tap water at a late stage 
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of tho Newcastle series. One strain of Salm. iyphiniuriujn was passed through 
10 cultures in Sunderland autoclaved buffered tap water direct from desoxy- 
ciiolate-citrate medium. Attempts to make similar series of cultures of 5 
different strains of Salm* iyphi, including one laboratory strain, were all un¬ 
successful. The third culture in autoclaved buffered tap water miglit have 
countable cells, but multiplication did not occur and the series beyond this 
failed. 

Tiie autoclaved buffered distilled Tvater did not allow of repeated subcultiu-e 
with any of the strains mentioned. The organisms survived but did not multiply. 
Presumably lack of nutrient properties and not an mimical agent was responsible, 
for tlie addition of autoclaved buffered tap water to a suspension in autoclaved 
buffered distilled water led to multiplication. 

In a single test, a tube of autoclaved buffered tap water sown with Salm. 
paratyphi B was incubated at 20° instead of 37° C. The organisms multiplied 
imtil the final count was 5 times the inoculum. 

Final counts were variable with the three species that grew, but usually 
about 10* organisms per ml. were present in the Newcastle autoclaved buffered 
tap w'ater and about twice as many in Sunderland autoclaved buffered tap 
water. Tho rate of multiplication was low. It ranged from 20 times to less 
than 2 times in 24 hours. 


Discussioyi 

Multiplication of organisms requires water, a source of energy and the 
elements carbon, nitrogen and others, alone or combined in varying degrees 
of complexity. In certain cases energy can be obtained direct from sunlight 
or from certain inorganic substances, but for all pathogenic organisms it is 
obtained, so far as is known, only from organic compounds. The minute 
quantities of these substances required to produce 10* cells, of wet weight less 
than 10'’’ g., might Tvell be found in one ml. of tap water. Thus 1 per cent, peptone 
can be made to yield more than 10^ cells per ml,, so 10”’ g. per ml. of utilisable 
organic matter would suffice for the production of 10* cells per ml. Newcastle 
tiip water is faintly brown, a colour no doubt derived from algte, and such algal 
remains may be the nutrient used by the organisms studied. 

It cannot be denied that the cotton-wool plugs of the tubes might provide 
nutrients. These could not alone be adequate, for they were imable to make 
autoclaved buffered distilled water a nutrient medium for the salmonella}. 

Saint, typhi is, in general, a more demanding organism, and its special need 
of tryptophane need not be the cause of its failure to grow in autoclaved buffered 
tap water. 

There is no question, of course, of multiplication in untreated tap water. 
That from Newcastle contains sufficient chlorine to be rapidly lethal to 
salmonella}; but, even in the absence of chlorine, the organisms naturally 
present, or some other cause, may prevent multiplication of a pathogen. 

Summary 

On fresh isolation from cases of enteric fever and food poisoning, Salin.> 
paratyphi B, Salm. typhimin^um and Salm. cntcritidis could bo repeatedly 
subcultured in autoclaved buffered tap water. It was found impossible to 
maintain Salm. typhi in series by these means, 

I am indebted to Dr G. S. Wilson for advice and criticism. 


Biggur, J. W, 
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Tho actinomycotes 

BySEDMANA Waksman 1950 Waltham, Moss Tho Clironica Botamca 
Co London WiUiam Dawson and Sons, Ltd Pp wm and 230, 
64 text figs 30s 

In spite of the great mterest taken in tho actmoroj cotes during the last 
half centurj, remarkahly little has been written on the more general aspects 
of the subject LiesLe, ui Ins monograph published in 1921, did much to 
collate the then avadable information, but tho subject has grown apace 
since that time and the need for a comprehensive and up to date review 
has been felt for manj jears No one is bettor qualified than Professor 
Waltsman to undertake this task and there is consequently little doubt 
that The, acHnomycetes will bo regarded ns a notable contribution to tho 
literature 

One of tho great difficulties that has faced students in the past has been 
that of assessing tho v alue of much of tho literature because of the confused 
terminology and the multiplicity of generic names used by the earlier 
workers Those perplexmg problems of clossification, taxonomy and 
morphology have been dealt with in admirable fashion by tho author, 
whose experience has enabled bun to present a useful summary and 
discussion of all the systems of classification to date, together with an 
exposition of his own system—propounded jointly with Henrici—^whicli is 
almost certamlj the simplest and most easily workable yet devised The 
chapters on variation, distribution and physiology are no less important 
and informative 

In the mam, research workers have devoted their attention to three 
important fields, the nature of the causative organisms of human and 
animal actmomycoses, the cause, nature and control of potato scab and, 
in more recent tunes, tho isolation and production from actmomj cetes of 
antibiotic substances, several of which are of sufficient importance to have 
a profound effect on clinical practice Workers m these fields and 
particularly m the last mentioned, which offers many opportunities for 
useful work, will find much of mterest and value to them m this volume 

In The actmomyceteSy Professor Walisman has succeeded m bringmg 
together most of the existmg mformation and presenting it in a concise 
and readable form Primarily, this is a work of reference made especially 
useful by its extensive bibliography, and there is no doubt that it will 
commend itself to tho general microbiologist and the specialist alike 


ToxBamias oi pregnancy 

Edited by John Hammond, P J Browne and G E W, Woi^tenhodmb 
1950 London J d. A Churchill, Ltd Pp xu and 280, 16 plates 
(29 figs ) and 65 text figs 218 

This volume is composed of 29 papers which were presented at a 
symposium on toxiemias of pregnancy held in London m January 1950, 
The contributors are drawn from the United States of America, the British 
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Commonwealth and Europe, as well as from all parts of Great Britain, 
and the subject is dealt with from the point of view of both human and 
vet<jrmarj" medicine. 

Pathologists will regret the brevity of Siieehan's contribution on tho 
pathological lesions of eclampsia and pre-eclampsia. It is imfortunato 
that time and space were not available for a more detailed presentation 
of tho e\ddence upon which Sheehan’s views are based, for many of his 
descriptions differ materially from the orthodox accounts. Tlie experimental 
studies of Dieclanann and his assistants on tho effects of sodium chloride 
and lactate injections and the careful studies of tho hremodynamics of tho 
circulation in normal and toxcemic pregnancy presented by Kellar, Hamilton 
and Burt are important original contributions to the pathogenesis of this 
disease. Sclineider’s work on the effect of thromboplastin injections is 
interesting but its applicability to the problem under discussion seems 
doubtful. Bastiaanse and Mastboom elaborate a hypothesis that toxcemias 
result from ischremia of the gravid uterus but they do not cite anj’’ evidence 
that ischromia does in fact occur, Glynn summarises recent work on the 
association of hepatic lesions with dietetic deficiencies. Somerville’s 
account of the relationship between the placental hormones and tho 
toxcemias stresses the difficulties of any interpretation of the findings in 
this field ; there is clearly room for more detailed studies in this direction. 
Thomson on the mono-amine oxidase activity of the placenta and Alilraark, 
Werkd and Ivapeller-Adler on histaminase activity present interesting 
accoxmts of enzjme action which may be disturbed in toxrcmic pregnancy. 
Toxjomias of pregnancy occurring in sheep, cattle and rats are discussed 
in a group of 6 papers. It seems clear that most of these conditions bear 
little relationship to the human diseases. 

The general effect of this book is disappointing. Tho large number of 
short independent communications has led to a lack of integration, so 
that while many interesting details of the problem of the toxteraias are 
discussed, there is nowhere a S 3 mthesis of the various aspects into a general 
view of tho subject as a whole. 


Notes on communicable diseases of laboratory aninaals 

By H. J. Pabish. 1950. Edinburgh : E. & S. Livingstone, Ltd, Pp. vii 
and 69. 3s. 

Mxdtum inparvo aptly describes this book of notes on the communicable 
diseases of laboratory animals. In the space of 69 pages are mentioned 
no less than a himdred t 3 ^es of infection in eleven animal species. Each 
species is considered in turn, the general plan being to note whether the 
disease is a common one ; whether or not it is transmissible to man or 
to other animals ; the symptoms ; the causal organism (where Imovm) 
and the most useful methods of control. The information presented is 
based on sound bacteriological principles combined with reasonable common- 
sense and it is obvious that the author speaks from personal experience. 
It would have been useful to have had a little more information about 
tho fairly commonly obseiv’^ed “ rolling or twisting ” in mice, although there 
is a good description of the condition in rats. Infectious renal cortical 
necrosis in the mouse is not mentioned and tho section on the cat is rather 
scanty. Tho statement (p. 20) that “ Injudicious feeding, etc., may light 
up infection ” in-rabbits is not verj" helpful. But this is not a handbook 
of luLsbandry and within their own limitations these notes should bo helpful 
in furnishing the clue to many of tho sporadic diseases and epizootics which 
from time to time arc tho despair of all workers with laboratory animals. 



BOOKS RECEIVED 


171 


Types of diabetes xnellitus and tboir treatment 

By Arthur B. Col%veix. 1950. Springfield, III.; Clmrles C. Thomas : 
Oxford ; Blackwell Scientific Publications, Ltd. Pp. v' and 97 ; 6 text 
figs. IGs. Gd. 

This small monograph covers most aspects of diabetes from diagnosis 
to treatment of coma. It is well produced and clearly written by an author 
of high reputation with many worth-while publications on his subject. 
But it is difficult to Imow what useful purposes this book serves. It does 
not contain sufficient detail to enable a practitioner to undertake treatment 
from its pages or to interest an expert by its theoretical considerations. 
In some directions the author holds conservative views, especially when 
he advocates a C-Pat ratio in the diet of 1 to 1 as most generally useful 
and “ the optimal ratio with insulin 

Tho title of the book is stimulating and led the reviewer to hope that 
various different fundamental tj^es were to bo described. It turns out, 
however, that it is not different t3T)03 that are referred to, but grades of 
diabetes—mild, moderate and severe. Tho title therefore merely makes 
an already well-known quantitative distinction and not new qualitative 
ones. 

Practical section cutting and staining 

By E. C. Cuayden. 2nd cd., 1951. London : J. is A. Churchill, Ltd. 
Pp. vii and 135 ; 8 figs, on 4 plates and 16 text figs. lOs. 

This second edition of Jlr Clayden’s little book is for all practical 
purposes a copy of the first edition (see this Journal, 1948, lx, 527), There 
have been added two or three additional methods dealing with the prepara¬ 
tion ol bone sections and tiio staining of fat and myolin, A. few further 
additions might have been made with advantage, such ns the Scharlaoh-B 
method for fat, the Dobell modification of Levaditi’s method for spirochretes 
and the phosphotungstic ncid-haematoxylin method of JIallory (P.T,A.H.) 
for fibrin and neuroglia. Jlention might also have been made of the use 
of the ultra-violet lamp in von Kossah silver method for calcium. 

Tlie book retains its original form as a handy work of reference for tho 
routine laboratory bench and will doubtless have n reception not inferior 
to that of the first edition. It is a very useful book. 


Pathologiscbe Hlstologie 

By ^Iax Borst. 4th ed., revised and enlarged, 1949- Mimich: J. F. 
Bergmann. Pp. xii and 639 ; 405 text figs. (199 in colour). DM 94*60 
(unbound). 

Tho publication of this edition has been delayed for nearly four years 
after the death of its distinguished aiithor. The only notable addition to 
the 3rd edition (1938) is a new chapter devoted to tumours of tho central 
and peripheral ner\’ous system within the space of 30 pages inclusive of 
34 drawings. Tlie classification closely follom that of Bailey and Cushing 
with the consequent threat of bewildering the medical student and the 
doctor to whom it is addressed. In the upshot, this chapter, better than 
any other, exemplifies tho authorh skill in the lucid exposition of a large 
and complex subject with a moderate niunber of drawings and remarkably 
few words. 

To tho end, in successive editions of his book, Borst adhered to certain 
views which most of his contemporaries agreed to abandon. Thus he 
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derives the hj’pemephroma of the Iddney from adrenal rests although ho 
admits (p. 477) that such tumours occur “nur iiusscrst selten ** in tho 
adrenals themselves ; ho attributes the sjunptom complex of Addison’s 
disease to a lesion of the adrenal medulla rather than of the cortex (p. 362), 
and Simmonds’s disease (p. 364) to inflammatory lesions of tho anterior 
lobe of tho pituitary. Despite these and other idiosjmerasies of opinion, 
however, this edition, lilce its predecessors, should be of great interest to 
teachers of pathology in this countrj^. How should pathology bo taught 
to the medical student—and how much of it ? As Borst explains, the first 
edition was published in 1921 in fulfilment of a wish repeatedly expressed 
by his students over many years. It embodied an educational course 
which had proved appropriate to its purpose (“ zweckentsprechend ”) in 
25 years’ experience of teaching and which was presumably maintained 
imchnnged during the next 25 years. It is more than a manual of patho¬ 
logical histology because, wherever possible, it seeJ^s to correlate pathogenesis 
and symptomatology with histological pattern. It throws what we are 
pleased to call general principles ” to tho four winds and immediately 
tacldes the description of special pathology, organ by organ, including 
10 pages on the skin. In this way, Borst avers, general pathological 
liistology comes into its own ”, wliich is interpreted as meaning that general 
principles will look after themselves. Anyhow his book scored an immediate 
and lasting success with the German student body which is probably not 
less philosopliical, on the whole, than the British, 
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T.'Qth and 30/A Decenyher 1950 

Tho eighty.second meeting of the Society was held in two sections in tlio 
Department of Pathology, St Thomas’s Hospital Medical School, London, 
on Friday and Saturday, 29th and 30th, Docombor 1950, 

Communications and demonstrations 
Items marked with an asterisk are abstracted below 

, E. Rewell. Testicular tumours of birds. 

. Lennox and A. L. Wells. Differentiation in the rodent ulcer group of 
tumours. 

G. J. GRirrrrHS, A. P. HAYnmisT ond Raymond Whiteicead. Dissecting 

aneurysms of the aorta in mother and child. 

R. E. Billinoham, J. W. Orr and D. L. Woodhouse. Epidermal trans¬ 
plantation during chemical carcinogenesis : tho effects of reciprocal tfans- 
ference between carcinogen-treated and untreated skin sites. 

K. C, Dixon and B. M. Herbertson. Lipids of normal and tabetic spinal cord. 

♦K.. C. Dixon and B. M. Herbertson. Cytoplasmic giycoiipids of brain. 

J. A. T»Iilne and J. B. Rennie. The effect of 3-hydroxy-2 phenyl-cinchoninio 
acid on generalised scleroderma. 

H. E. Hutchison. The effect of adrenalin on the absorption of tetanus toxin 

from granulating wounds prepared by the viskap ” method. 

R. J. V. PuLVERTATT. Phttgocytosis. 

J. H. Humphrey. The effect of cortisone on tho Artlius phenomenon. 

L. E. Glynn and G. Loewi. The nature of fibrinoid necrosis. 

J. V. Daoie and C. de Gruchy, Tho demonstration of haGmol3^ic antibodies 
in acquired hajmolytic amumia. 

*A. Glucksmann. The histogenesis of radiation-induced and of benzpyrene- 
induced epidermal tumours in the mouse. 

G. F. M. Hall, The significance of atheroma of the renal arteries in diabetic 
glomerulosclerosis. 

P. T. J. C. P. Warner, J. V. T. Gostlino and A. C. Thackray. The effect 
of freezing and freeze-drying on sarcoma 37. 

J. G. Carr and R. J. C. Harris. The preservation of the virus of the Rous fowl 
sarcoma, 

*J. Craigie, P. E. Lind, ]M. E. Hayward and A. M. Bego. Preliminary 
observations on a “ dormant ” state of sarcoma cells with special reference 
to resistance to freezing and drymg. 

E. M. Darmady and Daphne R. Jones. The study of the nephron in acute 
tubular necrosis by the Oliver tecliniquo. 

E. Topley and E. Lowbury. The value of polymyxin in bums. 

W. M. Davidson, Sylvia D. Lawler and A. G. Aokerlev. The Pelger-Huet 
leucocyte anomaly. 

N. P. Markham and J. H. ICent. A technique for giving repeated intravenous 
injections to guinea-pigs. 

17 ? 
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B, M. Wbight. a comparison between the histological reaction to coal-dust 

in human and animal lungs. 

K. I. K. EiiLIOtt, H. Kkasiee and A. H. T. Kobb-Sjuth. A comparison of 
wound healing by granulation in scorbutic- and cortisone-treated guinea-pigs. 

CJ. E. Ltoisdek. Normal oligodendrocytes in tissue culture. 

K. H. GoRHUi. Experimental staphylococcal infection in mice. 

J- Ukgab. The effect of varied amounts of aluminium salts on pertussis and 
diphtheria antigens. 

J. T. Stamp. Enzootic abortion of sheep. 

J. P. Duguid. The demonstration of bacterial capsules and slime. 

G. B. LxTDiiAM. Pharyngeal inclusion bodies in new-born infants. 

Mouje Barr. The formation of abnormal antitoxin in the early stages of 
immunisation. 

C, G. Pope. Observations on the purity of diphtheria toxin. 

G. N. Ilanx). Some observations on the serology of polysaccharide fractions of 
31. tuberculosis. 

C. N. Ilakt>, G. S. GujBERT, A. S. Jones and B. W. BaIiDWIN. A new antigenic 
fraction from AT. tuberculosis. 

^B. R. A. Coombs, L. S. Mynors and F. Wmi). The recognition and titration 
of antibodies to chemical substances by the agglutination reaction. 

G. FuIiTON Roberts, A. M. Bbomeieed and B. R. A. Coombs. The inter¬ 
relation of conglutinin and the fractions of complement in the conglutination 
reaction. 

A. M. Beomfield. Further observations on the mechanism of the conglutination 
reaction. 

W. F. Nichoeson and Raymond Whitehead. Sarcoma in the diaphragm. 

L. WooDHODSE Price. 1. Teratoblastoma of supra-vesical region. 2. Sarco¬ 

matous degeneration of a fibroid. 3. Pulmonary asbestosis with bronchial 
carcinoma. 4. A congenitally malformed heart. 

I). A. G. Gaeton and J. W. Whittick:. A case, in Britain, of generalised torulosis 
simulating Hodgkin’s disease. 

A. Haddow, G. M. TiMsns and E. S. Horning. Induction of rhabdomyo¬ 
sarcomas in rata, 

A. Haddow and E. S. Horning. Ganglioneuroma of the adrenal medulla in 
albino rats. 

Jj. Dmochowsei and A. MniARD. Cellular transmission of mouse sarcomata 
with frozen and desiccated tumour tissues. 

C. Raeburn. 1. Gumma of the pancreas in a premature infant. 2. Minute 
primary carcinomas of the bronchus. 3. Congenital cardiac abnormalities. 

F. Hayhoe and M. Hynes. A rare disorder of mitosis in erythropoiesis. 

M. A. SoETYS. 1. A new differential medium for enteric organisms. 2. A 
medium for the demonstration of pigment produced by various organisms. 

A. D. Morgan, A case of chronic renal disease with secondary hyperpara¬ 
thyroidism and advanced osteitis fibrosa. 

T>. J. Trevan and Annette Shareock. A controlled methyl-green-pyronin- 
orange G stain. 

John Heron. Removable labels for perspex museum jars. 

S, Young. A case of unilateral renal fibrosis. 

G, J. CUNNINGHA3I and L. P. Garrod. A fatal case of histoplasmosis. 

C. L. Greenbury. A convenient apparatus for micro-complement-fixation 
tests. 



OF GREAT BRITAIN AND IRELAND 


175 


Abstracts 


576.311 . I : 6n . Si 
CYTOPLASMIC GLYCOLTPIDS OF BRAIK 

K. C. Dixon ami B. M, Herdertson 
Department of Pathology^ University of Cambridge 

Two glycolipuJs are forruRonly present in tlio c 3 ’toplnsm of neurones of the 
central nervous sj'stem. Both aro stained bj’’ periodic acid and leucofublisin 
as well as bj’ sudan black. Tiio first of these is diffusol}' distributed in the 
cytoplasm, being in close proximitj’ to the Nissl substance (Dixon and Herbortson, 
1950a). It can be extracted bj’ a hot ethanol-other mixture whicli does not 
remove the pjTonin staining of the Nissl substance (due to nucleic acid). This 
dilTuso glj'^colipid is present in high concentration in the chromophilic colls of 
the cerebral cortex of the rabbit and rat and in mnnj’ of the Parkin jo colls of 
the cerebellum of these animals. 

The second glycolipid has so far onl^' been observed in human neurones 
(Dixon and Herbertson, 19506) ; it is pigmented to a variable degree, and is 
in fact either associated or identical with the well-lmown lipofuscin or wear^and- 
tear pigment. It occurs ns condensed clusters of granules within the cytoplasm. 

We now find that the diffuse glj'colipid is probably also present in many 
hiunan neurones, although generally in much smaller amounts than ir\ the 
Purkinje cells of the cerebellum and the chromophilic cells of the cerebral cortex 
of the rabbit and rat. In human material it is readily seen in thick (17 y*) 
sections of medulla and spinal cord, where greater depth of the large coll bodies 
can bo stained than in the usual routine (5 p) sections. In thin sections of 
human material the diffuse gh'colipid is fa inti stained by periodic acid and 
leucofuchsin. Wo are grateful to Dr iT. B. R, Cosgrove for showing us a section 
of sheep me<lulln which ho had stained with periodic acid and Schiff’s reagent. 
In this section the localisation of the diffuso glixolipid in the Nissl granules 
was more prominent than in our material, although wo had previousl}' observed 
(Dixon and Herbertson, 1950a) the close association of the diffuse glycolipid 
of rabbit neurones with the Nissl substance. In human material this association 
is also evident. Wo have succeeded in extracting much of the diffuse material 
reacting to periodic acid and leucofuchsin from the neurones of human medulla 
by re-fluxing with boiling chloroform. Such treatment does not substantiallj’’ 
diminish the staining of the lipofuscin granules. 

Wo suggest that in the normal metabolism of the neurone the peiitoso 
nucleic acid of the Nissl granule is architecturallj’' incorporated in a dispersed 
complex with the glj’colipid which reacts with periodic acid and leucofuclisin. 
It is kno\vn that pentose nucleic acid is destroj'ed in chromatolj^sis produced 
by excessive activity, trauma or infection. It appears possible that continued 
incidents of this kind, occurring over manj” years in the historj' of the neurone, 
might result in the glycolipid being expelled from the dispersed complex 'Vvhen 
the pentose nucleoprotein, with which it is associated, is destroyed. In this 
way aggregates of glycolipid are formed ns clusters of granules which are 
prominent in the neurones of the aged. Such inclusions outside the sphere of 
cytoplasmic metabolism might then become permanent landmarks of past 
neuronal events. 
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C\’1’0PLASMIC OLYCOLIPIDS OF BRAIN 

K. C. Drxox nnd B. M, HnnnEnTSON 

Department of Pathologify University of Cambridge 

Two glycoUpids ore rommonly present in tlio cytoplasm of nouronos of tho 
central ner\'ous system. Both nro stained hy periodic acid and leucof\ibhsin 
ns well as bj’ sudan black. Tho first of those is diffusely distributed in tho 
cytoplasm, being in close proximity to tho Nissl substance (Pixon and Herbortson, 
1950a), It ran bo extracted bj’- a hot othanobethcr mixture which does not 
remove tho pjTonin staining of tho Kissl substance (duo to nucleic acid). This 
diffuse glycolipid is present in high concentration in tho chromophilic colls of 
tho cerebral cortex of tho rabbit nnd rat nnd in many of tho Purkinjo cells of 
the cerebellum of theso animals. 

Tlio second glycolipid lias so far only been observed in human neurones 
(Dixon and Herbertson, 19506) ; it is pigmented to a variable degree, and is 
in fact either associated or identical with the well-known lipofuscin or woar-and- 
tear pigment. It occurs ns condensed clusters of granules within the cytoplasm. 

AVe now find that tho diffuse glycolipid is probably also present in many 
human neurones, although generally in much smaller amounts than in tho 
Purkinjo cells of tho cerebellum and tho chromophilic cells of tho cerebral cortex 
of the rabbit nnd rat. In human material it is readily seen in thick (17 /x) 
sections of medulla and spinal cord, where greater depth of tho large coll bodies 
can be stained than in tho usual routine (5 p) sections. In thin sections of 
human material the diffuse glycolipid is fa inti}’ stained by periodic acid nnd 
leucofuchsin. Wo are grateful to Dr .T. B. R. Cosgrove for showing us a section 
of sheep medulla wliich ho had stained with periodic acid and Schiff’s reagent. 
In this section tho localisation of tho diffuse glycolipid in the Nissl granules 
was more prominent than in our material, although wo had previously observed 
(Dixon and Herbertson, 1950a) tbe close association of tho diffuse glycolipid 
of rabbit neurones with the Nissl substance. In human material thus association 
is also evident. Wo have succeeded in extracting much of tho diffuse material 
reacting to periodic acid and leucofuchsin from the neurones of human medulla 
by re-fluxing with boiling chloroform. Such treatment does not substantially 
diminish tho staining of tho lipofuscin granules. 

AVo suggest that in tho normal metabolism of tho neurone tho pentose 
nucleic acid of the Nissl granule is architecturally incorporated in a dispersed 
complex with tho glycolipid which reacts with periodic acid and leucofuchsin. 
It is knorni that pentose nucleic acid is destroyed in cluromatolysis produced 
by excessive activity, trauma or infection. It appears possible tliat continued 
incidents of this kind, occurring ov’er many years in the history of tho neurone, 
might result in the glycolipid being expelled from tho dispersed complex when 
the pentose nucleoprotein, with which it is associated, is destroyed. In this 
aggregates of glycolipid are formed as clusters of granules which aro 
prominent in tho neurones of the aged. Such inclusions outside the sphere of 
cytoplasmic metabolism might then become permanent landmarks of past 
neuronal events. 
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B. M. Wright. A comparison between the histological reaction to coal-dnst 

in human and animal lungs. 

B-. I. K. EiiLiOTT, H, Kramer and A. H. T. Robb-Smith. A comparison of 
wound healing by granulation in scorbutic- and cortisone-treated guinea-pigs. 

C. E. Lumsben. Normal oligodendrocytes in tissue culture. 

R. H. Gorrihl. Experimental staphylococcal infection in mice. 

J. Ungar. The effect of varied amounts of aluminium salts on pertussis and 
diphtheria antigens. 

J. T. Stamp. Enzootic abortion of sheep. 

J. P. Dtjguxd. The demonstration of bacterial capsules and slime. 

G. B. Litdlam:. Pharyngeal inclusion bodies in new-born infants. 

MoLiiiE Barr. The formation of abnormal antitoxin in the early stages of 
immunisation. 

C. G. Pope. Observations on the piirity of diphtheria toxin. 

O. N. IiiAHB. Some observations on the serology of polysaccharide fractions of 
M. tuberculosis. 

O. N. IiiAND, G. S. Gilbert, A. S. Jones and R. W. Baldwin. A new antigenic 
fraction from M. tuberculosis. 

*R, R. A. Coombs, L. S. Mynors and F. Wild. The recognition and titration 
of antibodies to chemical substances by the agglutination reaction. 

G. Fulton Roberts, A. M. Blompield and R. R. A. Coombs. The inter¬ 
relation of conglutinin and the fractions of complement in the conglutination 
reaction. 

A. M. Blomeield. Further observations on the mechanism of the conglutination 

reaction. 

W. F. Nicholson and Raymond Whitehead. Sarcoma in the diaphragm. 

L. WOODHOUSE Price. 1. Teratoblastoma of supra-vesical region. 2. Sarco¬ 

matous degeneration of a fibroid. 3. Pulmonary asbestosis with bronchial 
carcinoma. 4. A congenitally malformed heart, 

B. A. G. Galton and J. W. Whittick;. A case, in Britain, of generalised torulosis 

simulating Hodgkin’s disease. 

A. Haddow, G. M. Timrhs and E. S. Horning. Induction of rhabdomyo¬ 
sarcomas in rats. 

A. Haddow and E. S. Horning. Ganglioneiuoma of the adrenal medulla in 
albino rats. 

li. Dmochowski and A. Millard. Cellular transmission of mouse sarcomata 
with frozen and desiccated tumour tissues. 

C. Raeburn. 1. Gumma of the pancreas in a premature infant. 2. Minute 

primary carcinomas of the bronchus. 3. Congenital cardiac abnormalities. 

F. Hayhoe and M. Hynes. A rare disorder of mitosis in erythropoiesis. 

M. A. Soltys. 1. A new differential medium for enteric organisms. 2. A 

medium for the demonstration of pigment produced by various organisms. 
A. D. Morgan. A case of chronic renal disease with secondary hyperpara¬ 
thyroidism and advanced osteitis fibrosa. 

D. J. Trevan and Annette Sharrock. A controlled methyl-green -pyronin- 

orange G stain. 

John Heron. Removable labels for perspex museum jars. 

S. Young. A case of unilateral renal fibrosis. 

G. J. Cunningham and L. P. Garrod. A fatal case of histoplasmosis. 

C. L. Greenbury, A convenient apparatus for micro -complement-fixation 
tests. 
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After about 2 months worts appear and after 3 months malignant epithelioma'^ 
arise in either the hyperplastic regions or the wnrts (Glucksmann, 1945). ^ 

The carcinogenic hydrocarbons thus load rapidly to tumour formation by 
direct stimulation of the treated epidermal colls, while radiation produces 
tumours slowly and indirectly in tho regenerating tissue after the destruction 
of the directly irrodiatod epidermis and derma and after causing severe vascular 
damage. 

The initial stimulating effects of benzpyrene produce a reversible hj*perplasia 
and reversible warts; they produce potential cancer colls wliich are rendered 
irreversibly malignant by further stimulation. The initial destructive effects 
of irradiation are irrovorsihlo, but indirectly they too stimulate tho growth 
of the adjacent regenerating tissue. The response of this tissue diminishes 
progressively and becomes irregular—as it also does in tho benzpyreno painted 
skin—and results in malignancy. In both cases tho epidermis appears to bo 
unable to respond to growth stimulation beyond a certain degree and yet to 
differentiate normally. This inability to combine rapid or prolonged prolifera¬ 
tion with normal differentiation seems to bo one of the characteristics of 
carcinogenesis. The concept of carcinogenesis duo to an adaptive variation 
of a tissue rather than to a somatic mutation and subsequent proliferation of 
individual colls seems to fit our experimental findings, 
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PREmnNARY OBSERVATIONS ON A "DORMANT” STATE OF 
SARCOilA CELLS TOTH SPECIAL REFERENCE TO RESISTANCE 
TO FREEZING AND DRYING 

Jaaies Craigie, P. E. Line, ^I. E. Hayward and A. jM. Bego 
From the Laboratories of the Imperial Cancer RcscarcJi Fund, London 

The effects of isotonic dextrose solution on tumour*ceU suspensions aro 
paradoxical. Exposure of a cell to dextrose solution produce a profound and 
almost instantaneous change in the nucleus. The nucleoli and associated 
chromatin, clearly visible under phase-contrast illumination, become invisiblo 
and the nucleus swells. Tliis change, together with the progressive disintegration 
of cytoplasm which follows, would appear to be incompatible with cell surWval. 
On the other hand, it is well established that tumour-cell suspensions preserved 
in the frozen state in dextrose vnW produce tumours when thawed rapidly and 
injected without delay (Craigie, 1949a). 

Quantitative studies of sarcoma-cell sxmdval in fluid suspension in vitro, 
carried out on lines previously indicated (Craigie, 19496) have yielded similar 
paradoxical results. Suspensions of C3H sarcoma cells were prepared in various 
isotonic fluids (extracellular and intracellular physiological fluids, etc.) and 
samples were examined and tested at intervals from 24 hours to 21 days. Tho 
volume of surviving viable cells was estimated from the mean time of tumour 
appearance following subcutaneous inoculation of mice, and in order to determine 
the correlation between details of cell morphology and viability, photomicro- 
graphic (phase-controst) records were made of samples of suspension mounted 
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on cytometer slides. It should be noted that in work of this kind it is essential 
to avoid fallacious results due to inadequate or non-uniform exposure of cells 
to the suspending fluid. Clumps of cells must be eliminated and the ratio of 
cell volume to suspending fluid should not exceed 1 to 50. 

The results obtained may be briefly summarised by stating that under the 
conditions employed there is no correlation between the number or apparent 
state of preservation of “ normal ” C3H sarcoma cells and the volume of viable 
cells estimated by titration in mice. Since the tmnour-inducing activity of 
treated sarcoma-cell suspensions cannot be attributed to survival of obviously 
damaged “ normal ” tumour cells, some other explanation is required. Recent 
observations indicate that dense retractile cells found in some tumours are 
viable and possess the resistant properties necessary to explain the paradoxical 
results obtained in studies of tumom*-cell survival. 

Refractile tumour cells are easily distinguished from “ normal tumour 
cells by phase-contrast microscopy. Their high refractive index obscures the 
details of their internal structure and produces a brilliant and characteristic 
image. Round to spindle forms occur, according to the ceU type of the tumour. 
These cells are known to occur in the following transplantable mouse tumours :— 
C3H sarcoma, sarcoma 37, C 57 sarcoma and carcinoma 63, all of which can 
be preserv^ed in the frozen state as suspensions in dextrose. 

When suspensions of refractile C^H sarcoma cells are fixed, cut and stained, 
the cytoplasm is seen to be condensed and acidophilic and the nucleus dense. 
In this respect they resemble cells which might be identified in tumour sections, 
either scattered in small groups without any obvious concomitant pathological 
change or, with less certainty, bordering necrotic foci and scattered among the 
other cells, necrotic debris and associated fluid. 

The percentage of cells found in the refractile state in suspensions freshly 
prepared from subcutaneous tumours is unpredictable and very variable, but 
averages about 5 per cent, in sarcomas 37 and OSH. Quantities of refractile 
cells in a relatively pure state may be obtained by fractionation of the ascitic 
fluid associated with C3H sarcoma or, better, sarcoma 37 in the C3H strain 
of mice. 

In vitro, refractile tumour cells are relatively stable when freshly isolated, 
but later they undergo striking changes which would seem to indicate that they 
are viable. The first stage in in-vitro transformation is swelling of the cell. 
As this progresses refractility decreases and the nucleus gradually becomes 
visible. At the same time the cytoplasm extends irregularly into processes 
of extremely variable shape. Potocytosis develops, then ceases, and is followed 
by nuclear and cytoplasmic changes indicative of death of the cell. 

The results of subcutaneous mouse inoculation confirm the view that refractile 
cells are viable. Eight hundred C3H refractile cells will produce a visible tumour 
(3 mm.®) in 8 days. Most refractile cells survive freezing and thawing in dextrose 
solution and some survive drying from the frozen state. For example, after 
drying in a single-cell layer in dextrose at —20° C., 0*2 per cent, of an almost 
pure suspension of S 37 (ascitic) refractile cells remained in the refractile state. 
Eight mice received an average subcutaneous dose of 75 of these surviving cells. 
Five mice showed tumours 12 days after inoculation and seven were found to 
have developed tumours by the 21st day. 
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THE RECOGNITION AND TITRATION OF ANTIBODIES TO CHEMICAL 
SUBSTANCES BY THE AGGLUTINATION REACTION 

R. R. A. Coombs, L. S. ^Iynobs and F. Wild 

Departments of Animal Pathology, Pathology a?id Medicine, 

University of Cambridge 

Landsteiner and Lampl (1917, 1918) showed that antibodies could bo produced 
against groups of Imown chemical constitution, such as atoxyl, by inoculating 
rabbits with the compound coupled with a foreign protein by the azo linlcago. 
Since that date much work has been done by Landsteiner and his school and 
others with such artificially conjugated antigens and on serological reactions 
with simple chemical compoimds. 

Antibodies produced in this way against a chemical substance are usually 
demonstrated by means of the precipitation or complement*fixation reaction. 
In these in-vitro tests the chemical substance is diazotisod and coupled to a 
protein immxmologically distinct from that used for the inoculations. In 
addition, the resulting precipitation may bo specifically inhibited by a solution 
of the chemical itself. 

In a previous paper Coombs, Jlynors and Weber (1950) described a method 
for the recognition and titration of antibodies against atoxyl by means of an 
agglutination reaction. In the detection of the antibody this technique was 
more sensitive than the precipitation reaction. Tlie present work is a continua¬ 
tion of these studies. 

The two compounds studied in the present investigation were atoxjd 
(arsanilic acid) and sulphanUic acid. Antisera which would react specifically 
with these determinant groups wore produced by inoculating rabbits with each 
compound coupled with egg albumin by the azo linkage. For brevity and 
simplicity these two antigens are referred to as egg albumin-atoxyl and egg 
albiunin-sulphanilic acid respectively. 

To obtain a stable yet agglutinablo red-cell suspension possessing the 
specificity of the determinant group under study the following method was 
used. Before the performance of the test the proteins of a human serum contain¬ 
ing an “ incomplete ’’ or non-agglutinating form of Rh antibody (anti-D) were 
conjugated with the determinant group in question. In the test itself Rh- 
positive human red cells were incubated at 37® C. with the treated serum in 
order to absorb the conjugated incomplete antibody. The cells, after a thorough 
washing in saline, formed a stable suspension which could be agglutinated 
specifically by antisera prepared against atoxyl or sulphanilic acid, as well as 
by antisera prepared against human serum globulin. 

The coupling of up to 15 groups per Rh antibody molecule did not destroy 
the specific combining power of the antibody, although with certain sera the 
demonstrable antibody titre was considerably reduced. 

The table shows the results of titrating the agglutinating property of the 
anti-atoxyl and anti-sulphanilio acid sera against cell suspensions carrying the 
respective determinant groups. The results clearly illustrate the specificity of 
the reactions. Before testing, all the sera were absorbed free of agglutinins 
for normal human red cells. A further criterion of the specificity of these 
reactions was demonstrated by specific-inliibition tests using a 0«25 per cent, 
solution of either atoxyl or the sodium salt of sulphanilic acid ; only the 
homologous reactions were inhibited. 
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The experiments are still in a preliminary stage, nevertheless the method 
promises to have general application to those aspects of immuno-chemistry 


Table 

The agglutinating litres of anti-atoxyl and anti-sulphanilic acid sera against cell 
suspensions carrying the respective determinant groups 


Titration of pera 

Against 

Untreated 
luiman ted ceils 

Human cells 
sensitised i^ith 
untreated 
incomplete D 
Rh antibody 

Human cells 
sensitised with 
Incomplete 

D Rh antibody 
conjugated 
with 

diazotlsed 

atoxyl 

Human cells 
sensitised with 
incomplete 

D Rh antibody 
conjugated 
with 

** diazotlsed" 
sulphanilic acid 

Pre-inoculation rabbit sera 

0 

0 

0 

0 

Rabbit anti-egg albumin . 

0 

0 

0 

0 

Rabbit anti-egg albumin- ! 

0 ! 

0 

160 

0 

atoxyl 1 





Rabbit anti-egg albumin- | 

0 

0 

' 0 

160 

sulphanilic acid 





Rabbit anti-human globulin 

0 

>640 

>640 

>640 


0 = <2 


concerned with artificially conjugated antigens. The primary object of this 
and subsequent work is a study of the drug allergies. The intention is to see 
whether by an adaptation of this technique it is possible to demonstrate in 
the sera of such cases a circulating specific reagent. 
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CARDIO-VASCULAE, RESPONSES TO AIR EMBOLISM 
G. R. Cameron, S. N. De and A. H. Sbeikh 

Department of Morbid Anatomy, University College Hospital 
Medical Schools London 

Whilb working on pulmonary mdcma (Camoron and Do, 1949) wo 
became interested in air embolism, and we noted that, from time to 
time, animals showed curious variations in their susceptibility to tliis 
condition. Wo now report some experiments we have performed 
for the purpose of analysing cardio-vascular responses to pulmonary 
embolism, from which we conclude that the most important factor 
in fatal cases is blockage of the pulmonary circulation, although 
myocardial disturbance may play a part. 

^ Methods 

Our observations have been, made on fully*grown, welhnourished male 
rabbits, 1*9‘3 kg. body weight, aniBsthotisod with intravenous Nembutal in 
doses of 40 mg ./kg. body weight, followed by a littlo ether when vessels were 
cannulated for blood-prcasuro recordings and when electrodes wore inserted 
subcutaneously. Moat of our experiments dealt with air embolism, ordinary 
atmospheric air being introduced through a loft ear vein by displacement with 
water under 200 mm. Hg. pressure at varying rates. The device for this is 
shown in fig, 1, whore C denotes a screw clip for manipulation of the rate of 
injection. Embolism was also produced by intravenous injection of an emulsion 
of potato starch prepared by Dunn’s method (1919-20), of a finely emulsified 
mixture of olive oil and lecithin and by the direct introduction of rape seeds. 
In this we made use of a slightly curved glass cannula of 2 mm. internal diameter, 
capable of holding about 100 seeds. It was connected by rubber tubing to 
the nozzle of a 20 c.c. glass syringe filled with normal saline at body temperature. 
The cannula could be introduced into an exposed jugular vein and the seeds 
run into the venous circulation along with a small quantity of saline. 

Tlie right-auricular pressure was recorded throughout the experiments by 
means of a plastic catheter inserted into the right auricle by way of the right 
external jugular vein and connected with a saline manometer and kymograph. 

3 . ViXtt. BAOX.— VOL. Lxm 181 jr 
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The carotid pressure and respiratory movements were simultaneously recorded 
■with a mercury manometer and a cuff wrapped around the chest respectively, 
both recording on a kymograph. E.C.G. tracings were obtained by placing 
spatulate German silver electrodes, 4-5 X1-0 cm., in the subcutaneous tissues. 
The three standard limb leads were employed. In the preliminary experiments 
tracings were made with a string galvanometer of standard speed and sensitivity, 
but because of difficulty in interpretation a direct recording apparatus (Cossor 
model) was substituted which was rim four times faster than the normal speed, 
namely 1 cm. per second, and standardised to give a value of 2 millivolts for 



each 2 cm. excursion. Under such conditions, the various components of the 
E.C.G. curve are adequately spread out and easily decipherable. No inter¬ 
ference by muscle potentials was encountered. 

At the conclusion of each experiment, a careful autopsy was performed and 
a close study of the heart, blood vessels and lungs was made under water. 


ReSITIiTS 

1. Blood pressure and respiratory changes produced by 
air embolism in the intact animal 

That a relation exists between the rate of injection of air and the 
time of onset of death has long been recognised and is well brought 
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out in our oxperimonts (table I). It bo soon that as tho rate 
increases, the survival time decreases, although the total amount of 
air thus introduced is by no moans constant. The carotid arterial 

Table I 


Representative experiments on air embolism in rabbits 


lute of Injection of air 
(c c per min ) 

Time of (ImUi 
( seconds) 

Total amount of air 
Injected (c c) 

1 

520 

8 G 

1 

475 

7 9 

2 6 

225 

9 4 

3 

1 295 

1 14 9 

8 

80 

10 G 

13 

! 

40 

8 0 

2 6 (bilateral vagotomy) 

270 

11 2 


pressure falls as the nght-auricular pressure increases (fig. 2), tho 
change in pressure being either gradual and spread over a fairly long 


R«4p 




Fio 2 —Sunultanoous recordings of respiration and of carotid and right auricular 
pressures before and after injection of 8 c c of air per rnuiuto intrajugularly. 
The arrow marks tho commencement of air mjection 

time interval, or abrupt. Respiration rate is at first increased but 
becomes slow and irregular as embolism progresses. 
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If bilateral vagotomy be performed before tbe air is injected into 
the veins, respiration increases in depth and becomes slower. Such 
changes are exaggerated by embolism, but the carotid and amicular 
pressure variations are similar to those recorded in the intact animal 
and the lethal amount of air remains unchanged. These results suggest 
that a vagal reflex from the lungs does not give the circulatory 
disturbances associated with air embolism. 


2. The condition of the cardio-vascular system in 

air embolism 

The right ventricle and auricle, the great veins, the coronary veins 
and the pulmonary artery become distended with frothy blood, often 
to a remarkable extent. In contrast, the left auricle and ventricle, 
the pulmonary veins and the systemic arterial system are quite free 
from air bubbles and contain httle blood. Despite careful search 
we have never found air bubbles in the coronary arteries or the left 
heart. 

In a few experiments air was introduced intravenously with the 
animal under artificial respiration and the heart exposed through a 
reflected sternum. Bubbles were seen to enter the coronary veins 
some time before the right heart dilated and the carotid pressure 
began to fall. In other words, arc bubbles appear within the coronary 
veins early during embolism before the heart action begins to fail. 

3. Electrocardiographic findings in air embolism 

Each of our 10 rabbits with air embolism showed definite alterations 
in their E.C.G. pattern. A deep S wave appeared in lead I, together 
with a prolonged downward deflection of the R.S.T. interval, in 
which the T wave was submerged. The S.T. interval often terminated 
in a short elevation, indicating an upward component of the T wave. 
A slight but definite depression of the S.T. segment was also observed 
in lead II. The T wave, however, assumed an inconstant position, 
either appearing submerged in the S.T. interval, flattened or upright. 
In lead III a large, upright T wave was invariably noted, although 
it was flattened in one animal. The S.T. segment remained near 
the zero line in lead ITT except in two cases where it experienced an 
upward deflection. A pronounced Q wave was encountered once only. 

Other cardiac irregularities in these animals included frequent 
ventricular extrasystoles and sino-auricular and auriculo-ventricular 
block. In contrast to some other workers, we did not encounter 
ventricular fibrillation. 

Sinus slowing was observed twice and partial heart block on three 
occasions. We noted that ventricular extrasystoles were more 
numerous soon after the introduction of air emboli and that sometimes 
short paroxysms of ventricular ectopic beats developed at this time. 
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The heart rate he came slower in all hut one of the animals ; in tliis 
rahhit it was rapid at first but slowed down in the later stages. By 
the slow introduction of air bubbles and simultaneous recording of 
carotid pressures wo could show that E.C.G. disturbances first appeared 
when the systemic blood pressure fell rapidly (figs. 3 and 4). 





Fio. 3 —E C.G. tracings before and after intro jugular injection of 6 c.c. of air at 
the rate of 1 c c. per minute Tracings taken when carotid blood pressure was 
20 mm Hg. and pulse rate 300 per minute. Left hand curves normal, right.hand 
curves duo to nir injection Lend I top curves, load II middle cur\ es, lead I TT 
bottom curves Lead I shows well •marked depression of S.T. segment with 
hurried T wave; rhythm regular. Lead II shows S T. segment at the iso¬ 
electric lino; T upright. Lead HI: a Q wnvo is visible ; S.T. take off is at a 
higher level than normal, T wave is large and upright. 



Fio. 4 —Lead III tracings after injection of 1 c c. of air intrajugularly. Carotid 
blood pressure CO mm Hg , pulse rate 330 per minute. Paroxj sms of ventricular 
extrasystolea 

Bilateral vagotomy did not affect these disturbances of pattern. 
One vagotomised animal developed a mild t achy car dia with embolism 
but the other rabbits showed the usual bradycardia. Since respiration 
is accelerated in the early stages of embolism, and might possibly 
influence the E.C.G. response, at the suggestion of Dr E. Pochin we 
induced rapid respiratory movements in normal rabbits by maMng 

J PATH BACT —TOl IXm JI 2 
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them inhale carbon dioxide, hut we were unable to detect any significant 
alteration in the E.C.G. pattern of such animals. 

4. Circulatory changes with other forms of pulmonary embolism 

Fat, starch and rape-seed embolism gave arterial and auricular 
pressure disturbances similar to those with air embolism (fig. 5). 
E.C.G. changes with fat and rape-seed embolism resembled those 
obtained with air embolism (fig. 6). Bilateral vagotomy did not 


t. 



Fig. 5. —Simultaneous recordings of respiration and of carotid and right auricular 
pressures before and after seed embolism which was produced in 2 stages (arrows 1 
and 2). 

affect the result. The interest of the rape-seed experiments is that no 
question of coronary-vein embolism arises, as mth air embolism. 
The mean diameter of the rape seeds used was greater than that 
of the coronary veins we measured in rabbits and on no occasion did 
we find rape-seed emboli in structures other than the pulmonary 
arterial branches. Fat and starch emboli were located within the 
smallest pulmonary arteries and arterioles and sometimes as thin 
layers within capillaries. These experiments suggest that the main 
cause of the blood-pressure and E.C.G, disturbances is blocldng of 
the pulmonary circulation. Interference with the outflow of blood 
from the coronary venous system, reflex vagal action on the heart 
and mechanical blockage of the coronary arteries were eliminated as 
factors. We would also emphasise that we obtained no evidence of 
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passage of any of these omboU through tho pulmonary circulation 
to the brain, so that a direct cerebral factor may also be excluded. 






Fio, 0—ECG tracings after mtra jugular injection of about 60 rope eoeds. BP. 
lum Hg Curves on loft obtained before embolism, on right after embolism 
Lead I top curv es, lead II middle curv es, lead HI bottom curves Load I shows 
S T. segment greatly depressed, with T w ave hurried and with deflections of 
high amplitude Lead II shows a low, almost flat T wave and a low take off 
of S T Lead HI shows a high upright T wave. P R and Q R S normal 8 
IS shorter than usual Notchmgs of unknown origin are seen m some complexes. 

This, too, can be done with air embolism, a conclusion also reached 
as the result of careful experimental studies by Kichardson et al. 
(1937), Curtillet (1939) and Kent and Blades (1941-42). 

Discttssion 

Air embohsm has interested pathologists for nearly three centuries 
and has been the subject of much experimentation. Morgagni (1769) 
says that Brunner and Verdriesius confirmed the experiment carried 
out by Wepfer, who only by inflating with his mouth the jugular 
vein, did, once on a time, lay prostrate and kill an ox, of a stupendous 
size The date of the Wepferian experiment is not known, Morgagni 
finding no mention of it in any of Wepfer’s writings published before 
1667. However, Redi (1667) states that he had killed instantly by 
tho same procedure 2 dogs and a hare, and “ within the sixteenth 
part of an hour, in like manner ”, a sheep and 2 foxes. A vivid 
description of the clinical features and post-mortem findings in a 
variety of animals is given by Heydius (1683, quoted by Morgagni), 
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them inhale carbon dioxide, but we were unable to detect any significant 
alteration in the E.C.G. pattern of such animals, 

4. Circulatory changes with other forms of pulmonary embolism 

Fat, starch and rape-seed embolism gave arterial and auricular 
pressure disturbances similar to those with air embolism (fig. 5), 
E.C.G. -changes with fat and rape-seed embolism resembled those 
obtained with air embolism (fig. 6). Bilateral vagotomy did not 


t 



Fig. 6,—Simultaneous recordings of respiration and of carotid and right auricular 
pressures before and after seed embolism which was produced in 2 stages (arrows 1 
and 2). 

affect the result. The interest of the rape-seed experiments is that no 
question of coronary-vein embolism arises, as with air embohsm. 
The mean diameter of the rape seeds used was greater than that 
of the coronary veins we measured in rabbits and on no occasion did 
we find rape-seed emboli in structures other than the pulmonary 
arterial branches. Fat and starch emboli were located within the 
smallest pulmonary arteries and arterioles and sometimes as thm 
layers within capillaries. These experiments suggest that the main 
cause of the blood-pressure and E.C.G. disturbances is blocking of 
the pulmonary circulation. Interference with the outflow of blood 
from the coronary venous system, reflex vagal action on the heart 
and mechanical blockage of the coronary arteries were eliminated as 
factors. We would also emphasise that we obtained no evidence of 
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SchOnbrunnor, 1935,1937 ; Badnai and Mosonyi, 1930 ; Villarot et dl., 
1930); (6) through air bubbles in the coronary veins (von Balogh, 
1939, 1941); (c) through reduced aortic pressure and increased right- 
heart pressure, and resulting intorferonco with venous drainage from 
the myocardium. 

Little doubt exists in the minds of most workers that a mechanical 
block between the right heart and the pulmonary outflow determines 
the comae of air embolism. All agree that when the embolism passes 
a certain level of severity, determined no doubt by the size of the 
air bubbles, the aortic and sj^stomic blood pressure falls as the 
pulmonary arterial, right ventricular, and venous pressures rise 
(Gouty, 1875 ; Hauer, 1890 ; Jeim and Haegoli, 1918 ; Bergstrand, 
1924; Fro 5 % 1927, 1929; Singh, 1936). Our observations agree 
with these, and wo have shown in addition, by means of cardiac 
catheterisation, that the right-auricular pressure increases as the 
systemic pressure falls. Those disturbances are temporary and right 
themselves completely if the air embolism is not too severe or the 
air is introduced slowly; at times rather largo oscillations in blood 
pressure, in which arterial pressure drops abruptly and then recovers, 
suggest that a serious block in the pulmonary circulation is temporarily 
compensated for by the opening up of other vessels in the lungs. 
Singh noted similar variations in the cardiac output of dogs as the 
result of air embolism and explained these in the same fashion as wo 
have done. Such phenomena are not peculiar to air embolism but 
are found in any form of sudden pulmonary block (Mann, 1917 ; 
Holden et ah, 1949 ; our owm observations). Another factor in 
recovery may be solution of air bubbles, especially of their CO 2 
content (Moore and Braselton, 1940 ; Myll;s et al., 1947), hut in the 
acute cases there is little time for this to prove oflbctive. 

Bight-heart failure (acute cor pulmonale) has been advocated as 
the main cause of death in air embolism over since Erichsen (1844) 
and Cohnheim (1889) suggested that frothy blood would lead to 
ineffective contraction of the right ventricle. Porhes (1944), while 
admitting that froth would interfere with expulsion of blood from 
the right ventricle, stresses the obstruction of pulmonary arterioles 
with air, and this seems to be a fair statement of the present position. 
The functional disturbances are those of acute cor pulmonale secondary 
to the pulmonary embolism. This point of view has been well argued 
by McGinn and TOiito (1936) in the case of thrombotic emboli subjected 
to embolectomy, and support is given by the clinical observations of 
Hampton and Wliarton (1920), Parr and Spiegel (1929), Hall and 
Ettinger (1933) and the ingenious experiments on cardiac obstruction 
of Lundy and Woodruff (1929). So far as we Imow, no one has proved 
that frothy blood endangers cardiac contraction although there are 
some old experiments of Erichsen which suggest that froth Iiinders 
the flow of fluids through vessels. 

Prom time to time a coronary or myocardial factor has been 
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canvassed as the important cause of death in air embolism and indeed 
in all forms of serious pulmonary embolism, and it is this intriguing 
problem that has interested us most. A series of electrocardiographic 
studies carried out on a variety of species is summarised in table II. 

Table II 


E,G.G. findings in air emholism 


Species 

E.C.G. findings 

Attributed to 

Author 

Rabbit 

1. Sino-auricular tachycardia ; 
A.V. dissociation; auricular 
flutter going on to fibrillation ; 
ventricular flutter going on to 
fibrillation 

... 

Frommel, 1928 


2. Reversal of S.T. in lead I; 
curve of infarct type in lead 

ni 

Block of coronary 
circulation especially 
coronary veins 

Kerber, 1938 


3. Transient bundle block curve 
and infarct type, resembles 
curves in histamine collapse. 
Reversal of S.T, complex, 
curves of infarct type in lead 
III and regularly bundle block 
curves (uninfluenced by vago¬ 
tomy) 

Predominant injury of 
rt. ventricle from 
interference with 
coronary flow 

Walder, 1939 

Cat 

Increased size of P curves. 

Emphasises 

Krumbhaar, 


ventricular fibrillation, A.V. 
block 

resemblance to 
pulmonary artery 
block 

1934 

Dog 

1. T waves inverted when pul¬ 
monary artery totally occluded. 
With partial occlusion, T 
waves at first inverted, then 
slowly upright 

Pulmonary artery 
! block 

Block of rt. coronary 
artery 

Otto, 1928-29 


2, Changes in T waves and 
altered ventricular complex 


Buchbinder 
and Katz, 1934 


3. Depression of S.T. segment in 

Occlusion of a 

Durant, Long 


leads II and III. ^Nfo change 
in lead I. Not infrequently 
varying degrees of A.V. block 
or development of nodal 
rhythm. Rapid return to 
normal with recovery 

coronary artery 

and 

Oppenheimer, 

1947 


4. No constant alteration. De¬ 

Coronary insufficiency 

Holden et aL, 


pression of S.T. segment in 
lead III in 6/11 dogs. In¬ 
verted and diphasic T waves in 
lead in in 5/11. Prominent 
Q wave in 3/11 in leads I and 
ni. Shifting pacemaker 

observed once and arterio¬ 
venous dissociation once. In 
fatal cases, gradual slowing of 
auricular rate ; no ventricular 
fibrillation 

from reduced aortic 
pressure and increased 
pressure in rt. heart 
interfering with 
venous drainage from 
myocardium 

1949 


Our findings are in close agreement with these. The interpretation 
of the E.C.G. disturbances is difficult and we were unable to decide 
in individual cases whether the primary factor in these disturbances 
was coronary or myocardial. At times we felt convinced that we 
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were dealing with coronary insufficiency alone, for the E.C.G. pattern 
was similar in some respects with that obtained by ligation of the 
loft coronary artery in dogs by Smith (1918, 1920) and Wilson et ah 
(1934), in rabbits by Taterka (1939) and in human beings with acute 
coronary block by Parkinson and Bedford (1927-29). In other experi¬ 
ments we were reminded of the patterns due to severe anoxia (Lewis 
and Mathison, 1910-11 ; Lewis ei ah, 1913-14; Greene and Gilbert, 
1921 ; Kountz and Gruber, 1929-30 ; Kountz and Hammouda, 1932; 
Rothschild and Kissin, 1933 ; Katz et ah, 1934 ; Opitz and Tilmann, 
1936 ; Benson, 1940; Harris and Randall, 1944; Randall, 1944), 
or experimental collapse (Meessen, 1939 ; Taterka, 1939). We can 
only conclude that the E.C.G. findings reflect changing conditions 
in the myocardium and coronary vascular system. But we are 
convinced that we can carry the analysis of the coronary factor a 
stage further. A vagal reflex from the lungs can certainly bo excluded, 
for bilateral vagotomy does not influence any of the phenomena of 
embolism. It is well known that a nervous mechanism, the Bainbridge 
reflex and probably other types of reflex, linlrs pulmonary bloodflow 
with cardiac output, but we have obtained no evidence that these 
are concerned in embolism. We are also certain that the factor of 
coronary venous obstruction by air bubbles can be eliminated, since 
pressure changes and E.C.G. behaviour are identical in air embolism 
and rape-seed embolism. In the latter case we can exclude direct 
blockage of the coronary veins, since the seed emboli are much too 
large to enter the coronary veins. There remains the possibility of 
coronary flow impairment because of reduced left-heart pressure from 
pulmonary block and increased right-heart pressure, and it is tins 
view we find most acceptable in explaining the E.C.G. evidence of 
cardiac impairment. In some experiments wo could show that the 
E.C.G. changes appeared only when the systemic blood pressure began 
to fall abruptly. On several occasions we formed the impression that 
the myocardial factor was a serious one. 

Finally, it seemed possible that cerebral ischsemia might be a 
factor, since a pulmonary block would lead to diminished blood flow 
to the brain. Wo have therefore recorded the E.C.G. tracings in 
normal rabbits before and after ligation of both common and internal 
carotid arteries. Much to our surprise wo found no evidence of cardiac 
disturbance. Indeed, the rabbits seemed to be none the worse for 
the ligations. It would appear that the vertebral circulation suffices 
to keep them alive. Since the animals can tolerate such serious 
disturbances of their cerebral circulation, it seems unlikely that the 
much less severe impairment associated with pulmonaiy embolism 
can be an important factor. 


SusniARY 

Experiments are described in which air was introduced intra¬ 
venously into rabbits at controlled speeds and pressures. The 
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pathological changes and certain functional disturbances in the 
cardio-vascular system due to this air embolism are discussed and 
contrasted vnth the effects of other types of embolism. Reasons are 
given for excluding vagal inhibition of coronary flow, obstruction of 
the coronary veins by air bubbles, coronary arterial embohsm and 
primary cerebral ischaemia as factors in the circulatory upset and it is 
concluded that death results from pulmonary block by air bubbles. 
Attention is drawn to the tolerance rabbits show for sudden ligation 
of both carotid arteries, probably because of an efficient vertebral 
circulation. 

We gratefully aclmowleclge the assistance of Drs Kenneth Harris, E. Pochin, 
H. H. Wolff and A. Hollman in the study of the electrocardiograms and of 
iMr F. J. Crew in the experiments. Expenses were met by a grant from the 
Graham Research Fund of the University of London. 
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EXPERBIENTAL PULMONARY HYPERTENSION 


C. V. Harrison 

Posiffraduatc j^Icdtcal School of London 

{P 1 .ATE XXXI) 

In a previous paper (Harrison, 1948) ifc \^as shown that repeated 
intravenous injections of fibrin clots into rabbits produced fibro-elastic 
intimal thickening in the pulmonary arteries. In addition there was 
some evidence that right-ventricular hypertrophy resulted from this 
but the evidence was equivocal because too few animals were used. 
It scorned desirable to repeat this uork in order to ascertam firstly 
whether right-ventncular hypertrophy did occur, secondly whether 
it decreased or disappeared if the embolism vas stopped and the 
ammals allowed to recover, and thirdly whether the cardiac hyper¬ 
trophy could bo accounted for by simple mechanical blockage of the 
pulmonary arterial tree. 

Teciiniqui: 

Tho technique used wag similar to that of tho earlier experiment except tnir 
the injections Tvero 2 ml. Tveckly msteafl of 1 ml. twice weekly. Forty niL 
human blood were taken aseptically (from ono donor) and allowed to rint. 
Tho serum was discarded and tho clot placed in a tissue homogemzer 
and Watson, 1048). Tins was allowed to run for 10 mmutos at BOOO 
and offectivoly broke up the clot into fragments of not more timn about 1 sren 
diameter. Tho clots wero washed m stcrilo salmo till they were buff t j pidt 
in colour and then tho volume tv as adjusted to tho original 40 ml. Two ^z2- cf 
this clot suspension wore mjected into each of 20 rabbits A few anima. k 
after the Brst mjection duo to faulty techmquo and were replaced M 
end of 20 weeks 4 rabbits had died, always soon after an mjection, sad 21 
estimated tliafc the number of injections given had boon sufficient Sir fxerz^ir 
rabbits were then killed and these together with those alreodj dead 
group 1. The remaimng ten animals were then allowed to reemer fo^ t, f jr- ^ 
period of 19 22 weeks and were then killed These formed group 2 
20 healthy rabbits wore kiUcd and formed a normal control group 
3hi the normal control group and m group 1, the thoracic viscera 
immediately after death and the pulmonary artery was injected 
opaque mixture of gelatine and lead oxide Immediately after thi», 
gelatine had set, the lungs were mflated to normal size via the wx.s: 

formol saline The wliolo was allowed to fix for a day or two zzjd ■xu*- 
heart was removed and X-ray photographs taken of the lurd 
mjection was performed m group 2 

In all cases the auricles wore removed from tho ventricles 
Were separated mto right and loft accordmg to the method of 
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Wilson (1921-22). The two ventricles were weighed separately and the weight 
of the right expressed as a percentage of the left (R.V./L.V. per cent.). 

The details of the experiment are set out in table I. 


Table I 

Details of experiments on pulmonary emholism 


Atiimal no. 

Ko. or weekly 
injections 

Died OT killed 

Animal no. 

Xo, of weekly 
injections 

Duration 

ofrecoveiy" 

19 

12 

D 

25 

18 

19 weeks 

29 

14 

D 

26 

17 

19 

»» 

36 

14 

D 

27 

17 

19 


37 

6 

D 

28 

17 

19 


18 

20 

K 

30 

17 ! 

19 

tt 

20 

18 1 

K 

31 

17 i 

19 

ff 

21 , 

1 

K 

32 

17 

22 

ff 

22 

18 

K 

33 

17 

22 

fy 

23 

17 

K 

34 

17 

20 

tr 

24 

18 

K 

35 

i 

22 

1 

tt 


Restots 

Skiagram of fulmonary tree 

Satisfactory injections were obtained in 15 out of the 20 controls 
and fig. 1 shows the appearance of the normal puhnonary vascular 
tree. The main pulmonary arteries are large and regular and give 
off a series of wide primary branches. These ffequently show localised 
constrictions, presumably due to muscular contraction. They in 
turn give rise to secondary branches which may show a few con¬ 
strictions but generally have smooth outlines. Beyond these divisions 
the arteries are too small and too numerous for details to be visible. 
In the ten rabbits of group 1, three injections were technically imperfect 
but the remaining seven (nos. 18, 20, 21, 23, 29, 36, 37) were adequate. 
These did not show any recognisable embolic obstructions (fig. 2) 
and on the whole showed fewer constrictions in the primary branches 
than did the controls. 

Arterial changes 

In the rabbits of group 1, whose pulmonary arteries were injected, 
intimal lesions were dif&cult to see because the injection mass had 
distended the vessel and flattened the thickened intima and also 
because the mass took up some stain. In the animals of group 2 this 
difficulty did not arise. Here the lesions had all undergone fibrosis 
and considerable new elastic tissue had been laid down. These lesioM 
were exactly like those previously described and illustrated and it is 
unnecessary to describe them further. 

Heart weigliis 

The individual weights are set out in table II. Rrom this it will 
be seen that in the twenty normal controls the right ventricle expressed 
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as a porcontago of loft vontriclo (R.V./L.V. por cent.) had a mean 
value of 50*36 per cent. In the experimental group 1 (animals dying 


Table H 

Heart Heights in experimental and control animals 


Controls 

Experimental 

Group 1 

Ko 

n,v, (mg ) 

LV,(rag) 

UV/LV. 
per cent 

Xo 

nv (mg) 

L Y (mg) 

R V /L V, 
percent 

Died or killed 

1 


1510 

19 

19 

1616 

2370' 

68-1 


D 

o 

855 



29 

1095 

2310 

84*4 


V 

3 


i nS 


36 

1590 

2110 

76 4 


D 

4 

855 


GO 3 

37 

UlO 

1830 

■mm 


D 

6 


1 tifl 

46 5 

18 

1495 

2370 

03 1 


K 


1285 


56 7 


1600 

2286 



K 

7 




21 

1705 

2155 

79 1 


K 

8 

970 

2320 


oo 

1760 

2670 

65 9 


K 

9 

1060 

1950 

64 4 

23 

1300 

2500 

51*6 


K 

10 

005 

1450 

01*7 

24 

16G5 

2720 

61-2 


K 

11 

855 

1860 

45 9 







12 

655 

1625 

40 3 







13 

035 

1855 

60 4 



U = 

67 95 



14 

615 

1685 

36 5 







15 

780 

1680 








16 

825 

1675 

62 4 



Group 

2 



17 

870 

1825 

47-7 







18 

000 

2060 

43 7 







19 

680 

1990 

34 2 

25 

2430 

4140 

68 7 



20 

770 

1585 

48 6 

26 

2300 

3590 

64-1 







27 

1010 

2800 

57 5 


Allowed 





28 

1150 

2800 

41 1 


to 



M — 

50 35 

30 

1730 

3725 

46 4 


recover 





31 

1500 

2776 

63 7 


for 





32 

1065 

3545 

55 4 


5 months 





33 

1380 

2685 

51 4 







34 

1580 

3570 

44 3 







35 

1470 

3300 

44 5 









M = 

^ 61 71 



during or lolled just after pulmonary embolism) the value was 67*95 per 
cent. In the group 2 (animals recovered for five months) the figure 
was 61*71 per cent. The various comparisons between these values 
and their statistical evaluation are set out in table III. It will be 
seen from this that the difference between the normal controls and 
group 1 is 17*6 per cent, and is highly significant but it might be 
argued that the animals which died of embolism were more severely 
harmed than those which had to be killed and that perhaps the latter 
did not have significant right-ventrioiilar hypertrophy. To overcome 
tliis objection a comparison was made between those six animals 
which were killed and the controls and although the difference is less, 
14*8 per cent., it is still significant. It is therefore fair to conclude 
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that puimonary embolism of the degree used in this experiment, does 
produce right-ventricular hypertrophy. 

Tabu3 m 

Statistical analysis of the experimental and control groups 


Comparison 

Difference 
between 
means 
(per cent.) 

Standard 
error of 
means 

1 

Degrees of 
freedom 


Conclusion 

20 normal controls with 
10 animals in group 1 

17-60 

3-66 

4-81 

28 

0-001 

Significant 

difference 

20 normal controls with 

6 animals in group 1 

14-80 

4-25 

3-49 

24 

0-01 
to ! 
0-001 i 

Significant 

difference 

10 animals in group 1 
with 10 animals in 
group 2 

16-24 

3-87 

4-19 

18 

0-001 1 

1 

Significant 

dffference 

20 normal controls with 
10 animals in group 2 

1-36 

3-09 



i 

No significant 
difference 


If now the ten animals in group 1 are compared with their ten 
feUows in group 2 who received similar treatment but were allowed 
to recover, it is seen that the difference between their right-heart 
ratios is 16-24 per cent, and is highly significant. This indicates that 
the right-heart hypertrophy disappeared when the stimulus causing 
it was removed. 

If a s imil ar comparison is made between the recovered rabbits 
in group 2 and the normal controls the difference between their mean 
R.V./L.V. ratios is only 1-36 per cent., which is much less than its 
own standard error and not at all significant. This suggests that the 
disappearance of right-heart hypertrophy was complete. 

Discussion 

This experiment shows that repeated showers of small pulmonary 
emboli (1 mm. diam.) produce right-ventricular hypertrophy and 
presumably do so by raising the blood pressure in the pulmonary 
circulation. This rise of pressure lasts only as long as the emboU 
continue to impact and when this ceases the right-ventricular hyper¬ 
trophy disappears completely. Injection of the pulmonary arteries 
failed to show any apparent obstruction to the pulmonary circulation, 
which implies that the rise of pulmonary blood pressure was not the 
result of simple mechanical blockage. This is in line with previous 
experimental and human observations. The operation of pneumo¬ 
nectomy removes one-half of the total pulmonary circulation yet it 
does not give rise to pulmonary hypertension (Brenner, 1935); 
Holden et al. (1949) produced massive pulmonary embolism in dogs 
and foimd that it was necessary to obstruct 70 per cent, of the 
pulmonary circulation before the animals died ; degrees of embolism 
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less than this caused only transitory circulatory changes to whicli 
the dogs rapidly became adjusted. Similarly Haynes et al. (1947) 
showed that occlusion of a main pulmonar}' artery in dogs by an 
inflatable balloon did not cause a change in the pulmonary blood 
pressure. On the other hand, they found that the injection of a 
quantity of minute emboli caused a rise of pulmonary pressure and 
other acute circulator}^ changes. From those observations it appears 
that two different mechanisms are at work according to whether 
large or small emboli impact. If largo emboli become impacted the 
result is a simple mechanical obstruction which must be massive to 
cause death. If, on the other hand, a shower of minute emboli 
becomes impacted there is a rise of pulmonary pressure which is 
disproportionate to the proportion of the vascular bod obstructed, 
and some other mechanism has to bo invoked to explain it. In the 
greater circulation there is evidence that the impaction of an embolus 
in a muscular artery or even in an elastic artery causes spasm both 
at site of impaction and in the adjacent branches (Allen et aZ., 1940 ; 
Learmonth, 1948). In the lesser circulation the same phenomenon 
has not been demonstrated with certainty, but Shorf and Boyd (1948) 
suggest that it probably does occur and offer indirect evidence in 
favour of this view'. Daly ef al. (1947) have shown that in dogs a 
vasomotor mechanism exists and is capable of causing a rise of 
pulmonary blood pressure. 

From these various observations it seems reasonable to assume 
that the impaction of small emboli in the finer branches of the 
pulmonary arteries produces a reflex spasm wliich causes a rise of 
pulmonary blood pressure in excess of that caused by the mechanical 
blockage, and further, that this spasm is not induced or is of minor 
degree if the occlusion occurs in the larger pulmonary arteries and 
that hero mechanical obstruction is the dominant factor. The results 
of the present experiment add further evidence in support of this 
hypothesis so far as it concerns the smaller type of vessel. 

SUMIIARY 

Twenty rabbits were subjected to repeated showers of minute 
pulmonary emboli consisting of fibrin clot. Ten of these, Idllod 
immediately after embolisation, had a significant degree of right- 
ventricular hypertrophy, but post-mortem injection and X-ray of 
their pulmonary arteries did not show any vascular occlusion. Ten 
rabbits that were allowed to recover for 20 weeks after embolisation 
had no right ventricular hypertrophy. It was concluded that minute 
pulmonary emboli cause a rise of pulmonary blood pressure by 
inducing vascular spasm. 

lam indebted to Dr D. A. JKtehison. for his help with the statistical analysis, 
to Dr Dimcan IVliite for the slciograms and to 3Mr E. V, IVillmott for the 
photograplis. 
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INTIMAL VASCULABISATION AND 
ATHEROSCLEROSIS 

EmOH GEIRIKaER 

Gerontological Hescarch Unitf University of Edinburgh 

(PLATE3 xxxn-xxxv) 

The history of tho study of atherosclerosis in tho past falls rather 
sharply into two phases. The first, which was characterised by an 
exhaustive analysis of the morbid histology, led to the isolation of 
atherosclerosis as a separate entity and to the formulation of a great 
variety of hypotheses as to its jetiology and pathogenesis. Although 
the hopes of arriving at a full understanding of the causes of this 
disease by a minute analysis of its microscopical features were not 
fulfilled, it was during this phase that the basic facts were accumulated 
on which all later work rests and must continue to rest. This achieve¬ 
ment was largely the work of German pathologists in the second half 
of the 19th centur 3 ’' and is linked with the names of Rokitansky, 
Virchow, Thoma, Marchand and Jores. 

The succeeding phase, which may be referred to as the biochemical 
and experimental one, dates from 1913, the year in which Anitschltow 
succeeded in inducing lipoid lesions in the aorta of rabbits by raising 
the serum-cholesterol level. The theoretical implications of this 
discovery, and even more tho fact that it provided a comparatively 
simple and reliable experimental method, led to a widespread and 
intensive study of tho relation of cholesterol metabolism to athero¬ 
sclerosis, and in this new phase Anglo-Saxon investigators contributed 
notably. It is probably fair to state that this phase also has failed 
to provide a satisfactory concept of tho jctiology of human athero¬ 
sclerosis, but inevitably it has increased our understanding not only 
of this disease but also of cholesterol metabolism generally, both 
normal and abnormal. 

Meanwhile, in 1938, by the publication of their book, Th^ biology 
of arteriosclerosis, Wintemitz and his co-w'orkers opened up a new 
approach which, together writh the interesting observations of Ruguid 
(1946), may well mark the beginning of a new stage in the study of 
this important disease. Wintomitz’s contribution consisted in a 
careful and thorough demonstration of the phenomenon of intimal 
vascularisation, a phenomenon which, although recognised by tho 
early German investigators, had never been accorded its proper 
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importance in the genesis of the late comphcations of atherosclerosis. 
Winternitz was able not only to describe and to illustrate beautifully 
the anatomy of intimal blood channels but also to demonstrate 
convincingly that a study of the vascular disturbances of athero¬ 
sclerotic plaques provided the key to an understanding of many of 
the most striking features of the later phases of the disease. Indeed, 
he went further and claimed for intimal vascularisation a decisive 
part in the inception of atherosclerotic lesions but in this we may 
not be able to follow him. The work of Duguid also has its roots in 
the observations of 19th century pathologists. The great Roldtansky 
(1852) was of the opinion that atherosclerosis was caused by an 
excessive accretion and deposition of an inner vascular layer from 
the blood stream. Under the impact of Virchow’s opinions, however, 
Roldtansky largely modified Ms view and in 1856 regarded it as 
merely a helpful nomenclatural concept (pp. 313-14). It remained for 
Duguid to demonstrate clearly that mural thrombi do indeed become 
incorporated into the intima in such a fasMon as to be indistinguishable 
from atherosclerotic tMckenings. 

At first sight these two individual contributions to the problem of 
atherosclerosis may seem rather unrelated, and it is one of the objects 
of this paper to demonstrate the connection between these two 
phenomena and to explain why one cannot be imderstood without 
the other. 

As is usual, these important advances in our knowledge were 
gained by the employment of special techniques, injection and clearing 
in the one case and serial section in the other. In order that these 
acquisitions may become common property of pathologists and so 
the basis for further advances, it is desirable that we should loam to 
see them in ordinary routine sections. It is a common and important 
development that facts wMch at first can be elucidated clearly only 
by a specialist technique can thereafter be appreciated by simpler 
methods. It is the further aim of this paper to show how, based on 
the work of Winternitz, Duguid and others, the important features 
of intimal vascularisation and of thrombogenic atherosclerosis can be 
recognised and studied in single routine sections. 


Material and methods 

Tlie material for this study, ^vhich was derived from routine autopsies at 
the Koj’al Infirmary, Edinburgh, consisted of 300 aortas taken in their entirety 
and sections from 100 hearts, including the first inch of the anterior descending 
branch of the left coronary arterj’'. The specimens were fixed in 10 per cent, 
formol and bloclvS from suitable portions were cut in series by tlie parafiin 
method and occasionally with the freezing microtome. The sections were 
stained with hceraatoxylin and eosin. No fixed system was followed in the 
examination of the serial sections, which were sometimes consecutive, sometimes 
at intervals of three or four, or singly, depending on the point under investiga¬ 
tion, the most commonly employed thiclmess of the sections being 10 p. 
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The groxoing intima of hxman arteries is an avascular structure and 
remains so in the vast majority of instances throughout life 

This important and easily verifiable fact has been vaguely challenged 
by the work of Wintomitz and his associates and it may therefore 
be of some importance to re-emphasise it. The presence of a vascular 
network in the adventitia and media of arteries is an established fact 
of anatomy and histology. It has also been known, at least since 
the work of Koldtansky (1856, pp. 310-11) that old atherosclorotio 
plaques become vascularised. It is very different with regard to the 
normal intima. All observers have consistently failed to discover a 
vascularised plexus in the sub endothelial space. Wintemitz conveys 
the impression that he tliinks the normal intima to be vascularised, 
yet a careful perusal of his book fails to reveal any evidence for such 
a view. The result of his investigations in tliis respect is best summed 
up in his own words (p. 111). “ The lack of demonstrable vessels in 
the inner media and intima . . . has not been absolute This double 
negative refers to the fact that on a few occasions he has been able 
to open up isolated “ potential ” blood channels. This was accom¬ 
plished by an injection technique employing pressures up to 1500 mm. 
of mercury, i.e, ten times the pressure prevailing in the aorta during 
life. Manifestly, it is misleading to try to establish normal channels 
of blood flow by such methods, oven apart from the artefacts 
(“ sinusoids *’) which are thus created. Even so, Wintemitz has at 
best been able to demonstrate the very occasional occurrence of 
isolated intimal blood channels and it is to bo deplored that he creates 
the impression of believing in vascularity of the human arterial intima 
as a common and normal phenomenon. Tliis criticism has to be 
expressed in clear terms, as the ver 3 ^ exceUonco and importance of the 
rest of his findings might create a danger of this untenable concept 
being accepted along with them. That the normal intima should 
bo an avascular structure becomes understandable when we examine 
the physiology and mode of nutrition of the subondotholial layer. 
Having regard to the high intra-arterial pressure and to the 
permeability of the endothelial lining it cannot be doubted that the 
innermost layer of the arterial wall derives its nutriment directly 
from the main lumen. Tliis permeation of plasma constituents through 
the endothelium was postulated by Virchow and has been demonstrated 
by, among others, Petroff (1922) and Duff (1932). The depth of 
tissue wliich can thus be directly nourished by filtration from the 
main lumen depends on the height of the filtration pressure and is 
therefore greater in the large arteries than in other blood vessels. 
In normal arteries this depth corresponds approximately to that of 
the intima plus the inner third of the media. We might, on this 
basis, distinguish a physiological intima, meaning that part of any 
blood vessel which is nourished directly from the main lumen. 

An adequately nourished tissue provides no stimulus for capiUary 
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growth, and the arterial intima will therefore remain an avascular 
structure while its depth remains within the radius of trans-endothelial 
filtration. The simplest way of understanding this matter is to 
consider the endotheKal tube which lines the main arteries as the 
capillary bed of the subendothehal tissues different from other 
capillary beds only in the higher pressure at which it delivers its 
filtrate. This arrangement becomes inadequate if the intima grows 
beyond a certain thickness or density and under such conditions the 
intima can form or receive capillaries. 

Iniimal vascularisaiion is a phenomenon secondary to excessive iniimal 
growth and the intimal depth at tvhich vascular networhs will first 
maJce their appearance varies in each artery with the height of the 
intra-arterial pressure 

In an examination of 300 aortas (Geiringer, 1949) and of 100 
coronary arteries (Geiringer, 1951) the critical depth beyond which 
vascularisation makes its appearance was found to be approximately 
0*5 mm. for the aorta and approximately 0*35 mm. for the first inch 
of the anterior descending branch of the left coronary artery. 
Vascularisation will occur in any stretch of arterial intima which 
exceeds the critical depth, whether the area concerned be the seat 
of atheromatous lesions or not. It is true that a thickening beyond 
the critical depth is usually associated with atheroma, but where 
such thickenings happen to be of a purely fibrous type, vascular 
channels can nevertheless be fotmd. They are, in these instances, 
not as numerous as in an atheromatous plaque of equal thickness, 
but it is of fundamental importance to realise that intimal vascularisa¬ 
tion is a function of intimal thickness and not of atherosclerosis. 
The examination of single routine heematoxylin and eosin-stained 
sections for intimal vascularisation does not, of course, reveal the 
intricate network which can be outlined by the injection technique. 
Nevertheless, the existence of intimal blood channels can almost 
always be demonstrated in intimas of more than critical thickness, 
and with careful search they will be found in well over 90 per cent, 
of cases in the examination of a single shde. On the other hand, in 
intimas of less than critical depth they are never found. 

Tliree types of intimal plexus can be distinguished, namely 
transmedial vascularisation, vascularisation from the lumen, and a 
combination of the two. 

Transmedial vascularisation 

It is a common experience that the normal vascularity of the 
thin-walled arteries of young subjects is confined to the adventitia 
and that with advancing age and increasing thickness, the outer 
two-tliirds of the media also take part in this vascularity. If the 
intima grows even thicker, vessels begin to appear in the mner third 
of the media and eventually penetrate the internal elastic lamina, 
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InTIMAL VASCUJ.AJlISATtON 



Fin. 1.—TiaiismetUul viisciilariwition of tlio iutimii, showing disriiptivo 
cfTott on tho modiu. Coronary artery. X 100. 



Fio. 2.—^Thrombogcnic vnscnlansatlon of tho intima. Tlie intimnl channels 
run at tho critical depth. Coronary artery. X50. 
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Fio 5 —Tlirombocicnic \ nsculans^tion of intima show nig lii/arro outlinc'!« 
of IjJood spaces. Coroiini^’artery'. x85. 
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thus becoming intimal. This process was described in some detail 
by Wolkoff (1029). ^licroscopic study of sections showing tliis trans- 
medial type of intimal vascularity creates the strong impression that 
such abnormal permeation and disruption of the medial coat by blood 
vessels cannot take place without interference with medial function 
(fig. 1). That increased vascularity might weaken the media was 
pointed out by Koester as early as 1875 (quoted by Jores, 1903), 
and it would appear probable that we are dealing here with one of 
the vicious circles in which pathology abounds ; for while vascularisa- 
tion of the media seems to bo caused by intimal tliickoning, it cannot 
bo doubted that any resulting weakening of the media would bo a 
stimulus to further intimal hyperplasia. The same applies to cases 
of primary medial disease whore the compensatory intimal hyperplasia 
will provide a stimulus to medial vascularisation and thus to its 
further weakening. 

These vessels, wliich are presumably formed by progressive sprout¬ 
ing of capniaries towards an area of relative ischiemia, retain their 
capillary structure, i.c. they rarely acquire a media or adventitia, 
though their calibre is quite often of arteriolar dimensions. When 
they reach the intima they penetrate it until they have reached a 
certain critical distance from the lumen. They then give off terminal 
branches which tend to remain at roughly the same critical distance 
from the lumen. This type of intimal vascularisation is found moat 
often where the intima has thickened by slow degrees and in a more 
of less concentric fashion. It is, so to speak, the “ normal ” method 
by which the intima acquires an adventitious blood supply, since 
it is derived from the normal peri-arterial plexus. It is seen most 
frequently in the fibrous hyperplasia without marked atheroma bo 
often encountered in the coronary arteries of aged men. Plaques of 
atheroma also may show this variety, but more often display the 
second type of intimal vascularisation. 


Vascularisation from the lumen 

Woodruff (192G) has noticed the occasional occurrence of blood 
channels starting from the main lumen and traversing the intima in 
the ascending aorta of the dog and Wintomitz (p. 27) has seen similar 
appearances in the aorta of a cow and thinks that channels of this 
kind can also bo found in normal arteries of man. There is, however, 
no support in the literature for such a belief, and in the present series 
of human aortas and coronary arteries, direct intimal vascularisation 
from the main lumen was never seen in otherwise healthy vessels. 
It may he accepted that such channels, if they occur at aU in normal 
human arteries, must he rare indeed, ^tloreover, the above-cited 
cases refer to channels which traverse the intima without giving rise 
to branches. On the other hand, a type of intimal vasc\ilarisation in 
which the supplymg vessel can he traced from the main lumen of the 
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artery is quite commonly seen in association with atheromatous 
plaques, especially where these are eccentric and exuberant. Duguid*s 
demonstration of the thrombogenic nature of many of these plaques 
has thrown a flood of light upon this problem. A study of the fate 
of mural thrombi with special reference to their vascularity leads 
to the following conclusions. Vascularisation from the lumen is met 
with in plaques of thrombotic origin and may indeed be taken as 
evidence of the thrombotic origin of such a plaque. This type of intimal 
blood supply represents the remnants of the vascularisation which 
any mural thrombus tmdergoes in the course of its organisation. If 
the organised thrombotic material plus the underljdng original intima 
does not exceed the critical depth for the artery in question, then 
the tlirombic capillary plexus will, in course of time, completely 
disappear, leaving an avascular intima behind. Where, however, as 
frequently happens, the added mass of the thrombus creates an intima 
too thick to be nourished by filtration from the main lumen, a portion 
of the thrombic plexus will remain patent and spread itself in the 
intima at roughly the critical distance from the lumen (fig. 2). The 
supplying giant capillary will in these cases join the lumen, as is 
natural in view of its origin (fig. 3). In single routine sections, it is 
not often possible to see the orifice into the lumen of the supplying 
vessel. Two criteria may then be employed to recognise this second 
type of intimal vascularisation. First, it will often be possible to see 
portions of the blood channel and to follow it for some distance in 
the direction of the lumen (fig. 4); second, the endothelium-lined 
blood spaces in the intima will often be found excessively large and of 
bizarre outline (fig. 5). This is a characteristic of thrombogenic 
vascularisation and is the result of secondary endotheliahsation of 
the irregular interstices of the shrinking thrombus (Heuldng and 
Thoma, 1887). Intimal vascularisation from the lumen is foimd 
much more commonly in the aorta than in the coronary arteries. 

This thrombogenic method of intimal vascularisation complicates 
the study of this question by presenting an obvious source of fallacies. 
It takes a considerable time for a mural thrombus to reach the quiescent 
stage of full organisation and until then it will show greater vascularity 
than is in accordance with the above-described theory of critical 
depth. In the earlier stages when it is readily recognisable as a mural 
thrombus, tliis does not create any confusion, but later, when it has 
become to a large extent incorporated in the intima, this excessive 
vascularity may confuse the issue unless one realises the thrombotic 
nature of the intimal thickening (fig. 6). Conversely, retention of a 
sufficient vascular supply often fails to occur and the incorporated 
thrombus then presents as an avascular addition to the intima with 
transmedial vascularisation on its deep aspect and necrosis in its 
centre (fig. 7). 

These two tjq^es of intimal vascularisation thus provide a ready 
means by which to distinguish two types of intimal growth :—(1) 
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transmedial vascularisation, with an intima which has gradually, by 
steady growth or continuous accretion, progressed beyond its critical 
thickness, and (2) vascularisation from the lumen, which is witness 
to a sudden and catastrophic growth in tliicknoss of the intima by 
mural thrombosis. 

Combined form 

It is not surprising that these two forms of intimal vascularisation 
are often found in association in the same stretch of artery. Wliore 
they coexist, they can usually bo shown by serial section to have 
established anastomoses. Thrombosis, no doubt, often occurs over 
an intima which already possesses a transmedial blood supply, but 
it must be emphasised that mural thrombosis over an avascular 
intima renders the imderlying tissues ischa;mic and is itself a potent 
stimulus to proliferation of adventitial capillaries towards the intima. 
At the same time, vascularisation of the thrombus can often bo soon 
extending into the underl 3 nng intima (fig. 8). In this way, the result 
of mural thrombosis is not simply a thrombogenic vascularisation of 
the intima but, more often perhaps, the establishment of a combined 
network linking the main lumen at a number of points with the vasa 
vasorum. Hi Wintomitz^s book there are many beautiful illustrations 
of this form of vascularity, but the pathologist working with only one 
or two thin and uninjected sections will usually have to bo content 
with suspecting its existence when he encounters features of trans¬ 
medial vascularisation associated with others suggesting vascularisation 
from the lumen. 

Fate of the vasciilarised intima 

Secondarily evolved blood supplies occurring in pathological new 
formations are notoriously unstable and subject to mterferenco. They 
are built up haphazard in response to local need and lack the safe¬ 
guards wliich characterise the more hereditarily determined plexuses 
of normal organs. Often they run in abnormal tissues which do not 
provide them with sufficient support. They lack good collateral 
connections and shunts and are built on a marginal basis. The 
component vessels are often of the giant capillary type, i.e. with walls 
inadequate for the volume of blood which they carry. An intima 
depending on such a precarious blood supply is prone to secondary 
disturbances which, because of the proximity of the arterial lumen, 
may not be confined to this tissue but have serious local and distant 
repercussions. 

Necrosis 

Intimal necrosis may result from failure of an incorporated mural 
thrombus to retain or acquire a sufficient blood supply. The causes 
of such failure are obscure. When, on the other hand, adequate 
vascularisation has occurred, there are probably two mechanisms by 
which necrosis may be induced. The supplying vessel may become 
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blocked by tbrombosis, as was demonstrated by Wintemitz, or 
infarction may result from sudden lowering of blood pressure and 
consequent failure of supply to this marginally nourished tissue. 
Where the hypertrophied and vascularised intima is of a purely 
fibrous character, the resulting infarct will tend to have the character¬ 
istics of hyaHne necrosis, whereas infarction of an atherosclerotic 
focus win result in classical “ atheroma i,e. a collection of dead 
connective tissue, disintegrating cholesterol esters and crystals of fi’ee 
cholesterol. Calcium also wiU appear in increased amount in these 
necrotic atherosclerotic plaques. Since intimal necrosis is almost 
invariably a consequence of a disturbed secondary blood supply it 
is never seen in plaques or stretches of intima which are below the 
critical depth. In the past, it has been regarded as paradoxical that 
very big plaques may sometimes escape necrosis, while comparatively 
small ones show this change to a marked degree. This we can now 
readily understand. The occurrence of necrosis is determined by the 
breakdown of the adventitious blood supply and this in turn is a 
result of factors which may have no relation to the size of the plaque. 
Wintemitz has stressed the importance of intimal hsemorrhage as an 
independent accident which often befalls these vascularised plaques. 
Such hsemorrhages, however, are never seen in the absence of necrosis 
and are therefore probably more often the consequence of ischgemic 
infarction, the disintegration of the supporting ground substance 
being a likely cause of capillary rupture. We may in these cases 
justifiably speak of hsemorrhagic infarction. 

Local reperctissions 

There is a tendency for red thrombi to form over infarcted plaques. 
Some authors consider this to be a result of the ulceration of these 
plaques, but microscopic study leaves no doubt that red thrombi 
also form over well-covered necrotic plaques. The mechanism in 
these cases is probably a release of thromhoplastic substances from 
the necrotic material inside the plaque. It is a similar mechanism 
to that responsible for the formation of mural thrombus in myocardial 
infarction. 

This tendency to clot formation over necrotic plaques is of relatively 
little importance in the aorta. An application of these facts to smaller 
vessels, however, and especially to the coronary arteries, is of great 
interest. Coronary thrombosis occurs usually over necrotic athero¬ 
matous plaques, and has been shown to be often associated with 
intra-plaque hsemorrhages (Paterson, 1936). Intra-plaque hsemor- 
rhages can also be found in non-occluded coronaries. 

The sequence of events may be constructed variously : 

1. The plaque, which as Duguid has shown, may itself be largely 
a product of thrombosis, becomes vascularised. Extension 
of atheroma, capillary tliromhosis, a sudden lowering of 
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systemic arterial pressure, or a spastic narrowing of the 
artery, interferes with its blood supply. It becomes infarcted 
and a thrombus forms over it. 

2. A thrombus occurring independently of intra-plaque changes 
occludes the coronary artery and at tho same time interferes 
with tho blood supply of tho plaque, which becomes infarcted. 

Tho first sequence is probably tho more common, so that it would 
appear that coronary (plaque) infarction is the most frequent cause 
of coronary thrombosis. Summarising in general terms wo may say 
that plaque infarction often causes thrombosis and that thrombosis 
is one important cause of plaque infarction. 


I)isia7it repcrctissions 

Three phenomena may bo mentioned hero, one of which is certainly, 
one probably and one possibly related to intimal necrosis, (a) Embolic 
dissemination of necrotic material or of detached mxiral thrombi. 
Both of these accidents are kno^vn to occur with considerable frequency 
(Meyer, 1947 ; Zak and Elias, 1949). (6) Increased clotting tendency 
of the blood due to the release into the circulation of thromboplastic 
material from the necrotic focus. The amount of such material 
released from a single plaque is probably not sufficient to cause a 
significant alteration in tho clotting tendency of the blood, but when 
wholesale necrosis of many big plaques has occurred, as can sometimes 
be seen in the aorta, this may become an important factor. In the 
same way the increased clotting tendency observed after myocardial 
infarction (Wright, 104G) can probably bo accounted for by the release 
of thromboplastic material from the dying heart muscle, (c) The 
exact physiology of collateral circulation is still very poorly under¬ 
stood, but it would seem possible on present knowledge that the 
irritation by a necrotic focus in one part of an artery might bo the 
cause of disturbed function and, more especially, of spasms in related 
parts of the arterial tree (Meiners, 1950). 


Clinical significance 

Living atherosclerotic thickenings are rarely a source of trouble. 
The only clinical effect which we may ascribe with any degree of 
confidence to the existence of non-necrotic atherosclerosis is an 
occasional significant stenosis of one of the main ostia, especially 
those of tho renal or coronary arteries. The vast majority of vascular 
accidents due to atherosclerosis occur in relation to necrotic plaques 
and, as we have seen, intimal vascularisation is tho forerunner of 
intimal necrosis. The new phase in the study of atherosclerosis thus 
concentrates attention on the feature which confers upon this lesion 
its claim to one of the most important killin g conditions. A full 



210 


E. GEiniEQER 


understanding of intimal vascnlarisation is the prerequisite of a 
rational therapeutic approach to the question of late atherosclerosis. 
This latest phase is even less likely than the preceding ones to unveil 
the mysteries of the aetiology of atherosclerosis and of the pathogenesis 
of its early lesions, but by giving a pathological basis to the trials of 
anticoagulants it promises already to yield some practical benefit to 
the sufierers from this widespread affliction and this, after all, must 
remain the main object of pathological research. 

SUMHABY 

The study of 300 human aortas and of 100 coronary arteries leads 
to the following conclusions :— 

1. The normal arterial intima is an avascular structure. 

2. It acquires a secondary blood supply if it grows beyond a 

certain critical thickness, 

3. This critical thickness, which varies with each artery, is about 

0-5 mm. in the aorta.and 0-35 mm. in the proximal part of 
the anterior descending branch of the left coronary. 

4. Intimal vascnlarisation occurs either through an extension of 

the adventitial plexus into and through the media or by 
retention of the vascular network of organising mural thrombi. 
When both processes occur in the same vessel, anastomoses 
usually form. 

5. This adventitious blood supply of the intima is liable to inter¬ 

ference, and most of the clinical effects of atherosclerosis can 
be traced to the resulting ischsemic necrosis of the intima. 

6. These phenomena can be appreciated and studied in uninjected 

routine sections. 

I wish to thank Mr T. C. Dodds of the Pathology Department of Edinburgh 
University who prepared the micro-photographs. The material for this paper 
was derived from routine necropsies at the Royal Infirmary, Edinburgh. 
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(EDEMA AND CAPILLARY ANOXIA 
R. 0. Nairn 

From the Department of Pathology, Univereity of Liverpool 

(Plate XXXVI) 

Capuxary anoxia is stressed as an important factor in the causation 
of oedema and effusions in most monographs and reviews which refer 
to the subject (Starling, 1909 ; Adolph, 1933 ; Drinker and Field, 
1933 ; Peters, 1936 ; Drinlrer, 1938 ; Van Liere, 1942 ; Davson and 
DanioUi, 1943 ; Landis, 1946 ; Himsworth, 1947). In several original 
contributions to the literature on oedema (Bainbridge, 1906 ; Bolton, 
1916-16 ; Barbour and Hamilton, 1925 ; Adolph and Lepore, 1930-31 ; 
Diamond et at, 1932; Clifford, 1941; Homans, 1943; Trowell, 
1946-47) the effect of anoxia on the capiUaries is used to explain the 
production of various types of oedema, effusions, or increased lymph 
flow, which are not readily explicable in other ways, though there is 
no ^ect support for the anoxia hypothesis in these studies. 

Most of the direct evidence on the subject comes from studies of 
the effects of general rather than local anoxia. While some of the 
studies suggest that capillary anoxia is a cause of oedema, many do 
not. The direct evidence •will be discussed later. 

The purpose of the experiments to be described was to obtain 
further information concerning the role of local capillary anoxia in 
the production of oedema. 


IVIethods 

Principle. The principle of the method used was to perfuse one 
limb of an intact animal with dooxygenated blood under conditions 
as nearly physiological as possible. In its simplest form this was 
found to bo impracticable, as no satisfactory method could be devised 
for artificial deoxygenation of the blood without gross interference 
with the circulation. It was decided, therefore, to utilise normal 
venous blood as the perfusate. 

One hind limb, the perfused Hmb, was perfused via its femoral 
artery, -with blood flowing from the femoral vein of the other hind 
limb, the donor limb. The pressure of the venous blood delivered to 
the perfused artery was increased to arterial pressure by means of a 
perfusion pump. After supplying the perfused limb, the twice-used 
blood returned via the femoral vein of that limb to the heart for 
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natural re-circulation tlirougli the entire body of the animal. Dogs 
were chosen for the experiments as the cannulations and other 
manipulations would have been too difficult in smaller animals. 

Perftision apparatus. A modification of the Dale and Schuster 
system (1927-28) was used to maintain the perfusion (fig. 1). ‘ 

Blood from the cannulated femoral vein of the donor limb passed 
through polythene tubing (A) into a glass reservoir (B), whence it was 
drawn through a simple non-return valve (C) into a glass chamber (D) 
by the contraction of a rubber sac (E) connected to a Dale-Schustor 
diaphragm pump. At each expansion of sac (E) blood was forced 
through a second non-return valve (F) into the polythene tubing (G) 
and thence into one arm of a Y-shaped cannula (H), reaching the 
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perfused limb by the stem of this cannula. The other arm of the 
cannula communicated with a by-pass (I) by which blood could return 
to the reservoir (B). This by-pass was controlled by|a resistance (J) 
which consisted of thin rubber tubing sealed inside a glass tube 
connected to a manometer. By varying the pressure outside the 
thin-waUed tubing of the resistance, a greater or lesser proportion 
of the artificial circulation could be returned to the reservoir, and in 
this way the quantity of blood entering the'perfused limb could be 
regulated. During an experiment the pressure in J was adjusted 
as required to maintain a constant blood level in the reservoir (B). 
As long as this constant level was maintained, it is clear that blood 
must have been leaving the perfusion system for the perfused limb at 
the same rate as the blood was entering the perfusion reservoir from 
the donor limb. 
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In practice a double Dale-Schuster pump 'with paired valve 
chambers was used to give greater pumping efficiency at the rapid ' 
pulse rates usually encountered. 

The entire apparatus apart from the cannulje and attached 
polythene tubing was immersed in a water bath kept at a temperature 
about C. higher than the rectal temperature of the dog. Polythene 
is a poor conductor of heat and this helped to prevent heat loss by the 
blood circulating in that part of the perfusion system lying between the 
water-bath and the dog. During a perfusion, blood circulated rapidly 
from the pump through the arms of the Y-shaped cannula and hack 
through the by-pass. As a result, the temperature of the blood in 
the arms of the cannula remained at water-bath temperature. The 
blood leaving the system by the stem of the cannula had only a very 
short distance to travel to enter the perfused limb : thus the perfused 
blood was for all practical purposes at the same temperature as the 
water-bath. In actual observations the temperature of the perfused 
blood was always found to be within 1° C. of the temperature of the 
dog and usually within 0*6° C. 

All glass tubing connections and both cannulce were coated with 
a water repellent (** Tcddol ”—^British Thomson-Houston Co., Ltd.) in 
order to minimise the formation of the small fibrin clots which are 
prone to develop in perfusion pumps even after the most efficient 
heparinisation of the blood. Between experiments all apparatus was 
thoroughly cleaned and sterilised and the “ Teddol ** re-applied. 

Technique. The dog was ansesthetised with either pentothal and 
endotracheal ether, or with Nembutal; atropine pre-medication was 
usually used. Aseptic precautions were maintained throughout the 
experiment. The femoral vein of the donor limb, usually the right, 
and femoral artery of the perfused limb, usually the left, were exposed 
and prepared for cannulation. When capillary oozing from the 
operation wounds had ceased, the animal was given 1000 I.U. of 
heparin per kg. intravenously and left for 10 minutes for the heparin 
to take effect. During this time the pumping apparatus, previously 
filled with 120 ml. of sterile physiological saline, was also treated with 
heparin and the temperature of the water-bath was regulated. Any 
oozing of blood from the wound sites during the experiment was 
reduced by the topical application of alginate wool and solution 
(“ Calgitox ”—^Thackray, Ltd.). At the end of the 10-minute interval, 
the femoral vein of the donor limb was ligated and a large-bore venous 
cannula inserted below the ligature. The femoral artery of the 
perfused limb was then ligated and the stem of the Y-shaped cannula 
inserted distally. The clamps on the various polythene tubes were 
removed and the perfusion started. The revolutions of the Dale- 
Schuster pump were synchronised with the pulse rate of the dog. 

The saline which had been used to fill the perfusion apparatus 
initially was the first fluid to reach the perfused limb but was rapidly 
replaced by venous blood from the donor limb flowing through the 
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natural re-circulation tlirough tlie entire body of the animal. Dogs 
•were chosen for the experiments as the cannulations and other 
manipulations -would hare been too difficrdt in smaller animals. 

Perfusion apparatus. A modification of the Dale and Schuster 
system (1927-28) -was used to maintain the perfusion (fig. 1). ' 

Blood from the caimidated femoral vein of the donor limb passed 
through polythene tubing (A) into a glass reservoir (B), whence it was 
dra-wn through a simple non-retum valve (C) into a glass chamber (D) 
by the contraction of a rubber sac (E) connected to a Dale-Schustor 
diaphragm pump. At each expansion of sac (E) blood was forced 
through a second non-retum valve (F) into the polythene tubing (6) 
and thence into one arm of a Y-shaped cannula (H), reaching -the 
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perfused limb by the stem of this cannula. The other arm of the 
cannula communicated -with a by-pass (I) by which blood could return 
to the reservoir (B). This by-pass was controlled by|a resistance (J) 
which consisted of thin rubber tubing sealed inside a glass tube 
connected to a manometer. By varying the pressure outside the 
thin-waUed tubing of the resistance, a greater or lesser proportion 
of the artificial circulation cordd be returned to the reservoir, and in 
this way the quantity of blood entering the 'perfused limb could be 
regulated. During an experiment the pressure in J was adjusted 
as required to maintain a constant blood level in the reservoir (B). 
As long as this constant level was maintained, it is clear that blood 
must have been leaving the perfusion system for the perfused limb at 
the same rate as the blood was entering the perfusion reservoir from 
the donor limb. 
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The oxygen content of the hlood iss\img from the femoral vein of 
the donor limb was therefore tho same as that of the blood entering 
the femoral artery of tho perfused limb. 

AssessTTicnt of cpdtTfiti* During the perfusion a constant watch was 
kept for oedema; appearance, measurement and pitting were the 
main criteria at this stage. 

Inimediately after death a careful examination was made for any 
macroscopic evidence of mdoma. Tissues from various sites, in 
particular from below the knees, were then fixed in Zenker b fiuid 
for subsequent histological examination. Durthor tissue samples, 
usually 1 to 2 g, in weight, wore removed carefully -with a razor 
without displacing any significant amount of fluid, and dropped into 
dry-weighed bottles fitted with airtight screw-caps. Tho bottles 
were xeweighed together with their contents. Tho tissues were then 
dried to constant weight in a hot air oven at a temperature of 1G0° C., 
and their water content was calculated. 

Of the various methods of assessing oedema formation, macroscopic 
and microscopic examination of tissues were only useful in detecting 
moderate to severe degrees of oedema. The gravimetric method, 
shown by Heller and Smirk (1932) to bo a reliable procedure, pro¬ 
vided a very delicate index of oedema in the present study. This 
is shown by experiments in which oedema was artificially induced 
by such methods as saline infusions, venous congestion of a limb, 
or plasmapheresis. Table I shows tho close correlation that was 
foimd to exist between water content, macroscopic and microscopic 
appearances of tho tissue, and the presence or absence of any of the 
above factors known to cause oedema. 

Tabm I 


Relationship between (issue iiydration, visible oedema and oedema factors 


percentage of water In muscles 

73-78 

73-80 

80-83 

Macroscopic cedema . 

none 

none 

present 

Histological cedema . 

nono 

slight 

gross 

CEdema factors 

none 

moderate 

severe 


The range of values for water content in over 150 biopsies on 
normal limb muscles of dogs was found to be from 73 to 78 per cent. 
Values higher than 78 per cent, were found only when factors known 
to cause oedema were acting on tho animal; this figure was therefore 
fixed as the threshold of oedoma in the limb muscles of the dog. 

When any “ oedema factor ’’ had been operating to a moderate 
degree, histological oedema was often, though not always, demonstrable 
by planimetry; the amount of water in the muscles was invariably 
found to be more than 78 per cent. Wlien any ** oedoma factor 
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had been operating to a severe degree, cedema was clearly visible 
to the naked eye on dissection of the part, and often demonstrable by 
pitting ; histological oedema was gross, and the water content of the 
limb muscles was more than 80 per cent. 

Fig. 2 shows the calf muscles of a dog in which oedema had been 
produced by plasmapheresis, contrasted with a normal control. In 
the cedematous muscle (A) the water content was 80 per cent, and 
the oedema is represented by large interfascicular spaces. The control 
muscle (B) contained 76 per cent, of water. The distribution of 
oedema fluid in (A) is of some interest in that the fluid is present mainly 
in the interfascicular spaces, and is less conspicuous between the muscle 
fibres ; there is no apparent swelling of the cells. This distribution 
of cedema fluid was invariably foimd whenever artificial oedema was 
produced. 


Resttlts 

Simple perfusion experiments 

Five standard perfusions without important complicating factors 
were carried out. 

Table II illustrates one such experiment performed on a healthy 
adult dog weighing 19f kilos. Throughout the 9 hours of tliis experi- 

Tabi^e n 

Data from a simple, perfusion experiment 


Time aft^r 
start of 
perfusion (hrs.l 

AnlmaVs 
pulse rate 

Pump B.P.K. 

Venous flow 
from donor 
limb (mi./mln.) 

Arterial 
pressure in 
perru*5cd limb 
(mm. Ilg.) 

Oxygen 
saturation of 
perfusing blood 
(per cent.) 

1 

100 


100 

300 


2 

160 


100 

300 

... 

3 

150 


80 

220 

45 

4 

168 

168 

1 70 

280 

1 02 

5 

190 


05 

, 100 

... 

C 

190 

180 

70 

! 95 

: 62 

7 

150 

140 

55 

90 

... 

8 

200 

180 

40 

70 

... 

9 

200 

180 

i 35 

1 

70 

1 


Percentage water in limb muscles after death 


iPerfused limb 

Donor limb 

Itight forcUmb 

- - 

licft foreUmb 

77-4 j 

77*8 

j 76*0 j 

77-8 


ment good synchronism was maintained between the revolutions 
per minute {r.p.m,) of the pump and the animars pulse rate, which 
increased progressively as the experiment proceeded, owing to the 
onset of some degree of shock. The blood pressure of the dog was 
high at the start of the experiment, a common finding in dogs under 
ether anaesthesia, but fell towards the end when shock supervened. 
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Similarly the venous flow from the donor limb decreased progressively. 
The oxygon in the perfusing blood averaged less than SO per cent, 
saturation. 

At no time during this experiment was there any detectable oedema 
in the perfused limb or elsewhere. The percentage of water in the 
muscles after death was essentially the same in all the limbs. 

The results of the 6 experiments of this simple typo are summarised 
in table III, from which it is clear that there was no significant 


Tabix rn 

Besutts of 6 standard perfusion experiments 


Dog 

Duration of 
perfusion (lira ) 

Oxygen Ratnratlon of 
perfusing tilood (per cent) 

Average pprrentnge 
water conltnt of limb muscles 
after dcitli 

■Range 

Ktcan 

Perfused Urob 

Control limbs 

A 

7 ! 




78 

B * 

S ' 




70 

C 

9 


45 


77 

D 

7 

04 to 32 

62 


77 

X 

5 

08 to 48 

53 


75 


difference in hydration between the muscles of the anoxic perfused 
limbs and those of the normally oxygenated control limbs. All the 
figures lay within the normal range and the threshold of cedoma ” 
was never exceeded. 


Validity of methods 

Circulatory condition of the perfused limb. The arterial pressures 
of the animals varied during the course of the experiments as shown 
in table H but in each case the pressure required to perfuse all the 
blood from the donor limb through the perfused limb was at about 
the same level as the general arterial pressure of the dog. Table IV 

Table IV 

Comparison of brachial arterial pressure and perfusion pressure 


Time aRcr start 
of experiraent 
(hrs) 

Blood pressures (mm He) 

DogL 

Dog 3f 1 

rorcUmb 

Perfused limb 

Porelimb 

Perfused limb 

1 

165 


135 

130 

2 

165 

160 


160 

3 


146 


116 

4 

100 

135 


05 

5 

140 

125 


00 


gives values for perfusion and forelimb blood pressure in two typical 
experiments ; it shows that the differences between the pressures in 
























220 


B. C. NAIRN 


the limbs are no more than could bo accounted for by normal variations 
in pressure between the fore- and hind-limbs and by the experimental 
error of the methods of measurement used. 

Pulse pressures, determined in a few experiments, were also found 
to be of the same order in the perfused limb and in the control limbs. 
This observed similarity of mean arterial pressures and of pulse 
pressures shows that the present technique produced no material 
vasomotor changes in the vascular bed of the perfused limb as compared 
with the control limbs. 

In experiments where venous pressures were recorded it was found 
that the pressure in the perfused limb was usually a little higher than 
in the control limbs. The liighest venous pressure in the simple 
perfusion experiments was, however, never greater than 15 cm. saline, 
which is lower than the venous pressure at which accumulation of 
fluid occurs in the tissues (Krogh et al,, 1932). Table V shows the 
average venous pressures in 8 representative experiments from the 
present series. 

Table V 


Comparison of venous pressures in perfused and control limbs 


Dog 

Venous pressures (cm. saline) 

rerfiisecl limb 
(femoral vein) 

Donor limb 
(femoral vein) 

Forelimb (axillary vein) 

D 

8 

2 

1 

E 

5 

1 

7 

F 

10 

9 

10 

G 

7 

7 

8 

H 

12 

10 

8 

I 

10 

... 

14 

J 

15 

... 

12 

K 

11 

... 

6 


Variations of the order shown in this table are small. The slight 
elevation of pressure frequently occurring in the perfused limb might, 
however, have required separate analysis as a possible factor m 
increasing capillary transudation if in fact such transudation had 
increased in anj^ of the experimental animals. This was not the 
case and the variations are regarded, therefore, as being of no 
importance in this investigation. 

Capillary permeability in the perfumed limb. Attempts were made 
in the present study to assess any increase in capillary permeability 
by means of hcematocrit and plasma protein estimations. Sometimes 
comparisons were made between venous blood of the control limbs 
and blood from the femoral vein of the perfused limb ; at other times 
values were determined for the arterial and venous blood of the 
control limbs and compared with the entering and returning blood 
in the perfused limb. These investigations were carried out to obtain 
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information on (a) tho transfer of fluid from the blood to the tissues 
and (6) tho transfer of protoin from tho blood to the tissues. 

(a) Fluid transfer, Hfematocrit and plasma protein estimations 
woro found to bo of no value in assessing fluid transudation through 
the capillary Tvall. This was to be expected, however, since a rate 
of transudation of fluid of a degree likely to be encountered in these 
experiments would involve insignificant changes in tho hsematocrit 
and plasma protein levels. The average duration of an experiment was 
6 hours and tho limb blood flow in a 10 kg. dog was about 50 ml. per 
minute. The accumulation of 100 ml. of oedema fluid in a limb, 
though enough to produce overt oedema, would involve differences 
of only about 0*2 per cent, between arterial and venous hcematocrits 
and of about 0*05 g. per 100 ml. between arterial and venous plasma 
protein levels. These figures are -adtlun tho limits of tho experimental 
error of the methods of estimation used. 

(b) Protein transfer. Plasma protein studies gave no evidence of 
loss of protein from tho blood passing through the perfused Umb. 
The variations in plasma protein levels which occurred were not 
significant. It is concluded, therefore, that tho degree of anoxia 
maintained in tho present experiments did not increase recognisably 
the permeability of the perfused capillaries to protein. 

Effect of perfusion technique on capillary permeability. That the 
perfusion technique did not materially reduce the permeability of the 
capillaries in the perfused limbs was shown by two experiments in 
wliich the perfusing blood was diluted by tho continuous addition of 
large amounts of saline. Tho diluted blood circulated through the 
capillaries of the perfused limb and produced gross oedema in this 
limb ; the muscle water in one experiment was 88 per cent. A lesser 
degree of generalised oedema occurred at the same time in these 
experiments as a result of the return of tho diluted perfused blood 
to the general circulation. Hero the degree of hydr®mia was less 
than in tho perfused limb because the diluted perfused blood mixed 
with tho rest of the blood of the animal. 

Degree of anoxia. Before assessing the results of the present 
investigation it is important to appreciate the degree of anoxia acliieved 
in the perfused limb. It ^vili be clear that tho donor limb received 
blood at all times at the high oxygon tension of arterial blood (about 
90 mm. Hg.) while tho perfused Umb was suppUod at the much lower 
oxygen tension of venous blood (about 40 mm. Hg.). Oxygen, there¬ 
fore, was less readily available to tho perfused limb besides being 
present in the blood in much smaller amounts. A comparison of 
oxygen saturation and oxygen uptake in tho perfused and donor Umbs 
based on figures from 7 representative experiments is made in table VI. 

This table shows that the donor limb (and this also applies to tho 
fore limbs) received at all times blood almost fully saturated "with 
02 cygen, and extracted from it about volumes of oxygon per 100 
volumes of blood. Tho perfused Umb, on the other hand, received 
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blood only half saturated mth oxygen and extracted from it on an 
average only 1 volume of oxygen per 100 volumes of blood. 

Table Y1 


Relative oxygen supply and uptake in perfused and donor limha 



Average oxygon f^aturation 
(per cent.) 

Average oxygon uptake 
(vols. per cent.) 


Range 

3ilcan 

Range 

Mean 

Blood to donor limb 

87.9S 

93 

3-8 


Blood to perfused limb , 

30-68 1 

62 

4-2 

1 


In the present investigation the anoxia was obtained by perfusion 
of venous blood which has, in addition to oxygen lack, various other 
metabolic differences from arterial blood. These other differences 
which are often quoted as contributory factors in the production of 
increased capillary permeability, are evidently irrelevant in the present 
connection since no oedema was produced. Moreover when clinical 
oedema is ascribed to capillary anoxia, the implication is that this 
is due to increased venosity of the circulating blood. 

Collateral circulation. Despite the apparently adequate supply 
of blood from the pump to the perfused limb, it is necessary to consider 
whether tliis limb might also have been receiving an oxygen supply 
from collateral vessels. Angiography shows in fact that a collateral 
circulation can be opened up very quicldy. This point is illustrated 
in fig. 3 which is an arteriogram of the pelvis and hindlegs in a dog. 
The right femoral artery in this animal was intact and it is apparent 
that the tissues below the knee are supplied exclusively by the femoral 
artery. The left femoral artery had been occluded at about mid- 
thigh for about twelve hours and within this short time, a collateral 
circulation had opened up, bridging the gap in the main vessel and 
supplying blood to the lower part of the leg. The question arises 
whether the operation on the femoral artery and the perfusion of the 
limb allows any such collateral circulation to be established during 
the course of an experiment. A priori considerations make it highly 
improbable that such collateral circulation could play any important 
part in these experiments. The work of Richards (personal com¬ 
munication) has shown that the contribution from collateral vessels 
to the main arterial tree is negligible until the mean pressure of arterial 
blood in the main vessels falls to a low level: his results do not suggest 
that any factors other than purely mechanical ones were operative. 
In the present investigation the mean arterial pressure in the perfused 
artery was always very close to the mean general arterial pressure 
of the animal. The capillaries in the perfused limb below the Imeo 
can therefore justifiably be regarded as supplied only by the perfusing 
blood. 
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Direct evidence on this question is provided by a perfusion experi¬ 
ment in which all possibility of collateral circulation either in the 
perfused or in the donor limb was eliminated completely. This was 
accomplished, after section of the skin of these limbs just belov/ the 
inguinal ligament, by very tight ligation of the entire leg in three 
tissue bundles, excluding only the sciatic nerve, the femoral nerve, 
and the femoral vessels. The results of this experiment differed in 
no way from the results of the simple circulation experiments without 
mass ligature: the water content of the muscles in the perfused 
limb showed no significant difference from that in the control limbs 
(76 per cent, and 77 per cent, respectively). Thus, though the unliltely 
possibility of slight collateral circulation in the 5 standard experiments 
caimot be entirely excluded, the provision of oxygen by such a 
circulation was not the explanation of the absence of cedema in the 
perfused Umb in those experiments. 

Exercise, A further possibility to be considered is that the effects 
of anoxia might not be evident in a limb at rest but might be made 
manifest by exercise. This requires consideration particularly since 
Lazarus-Barlow (1894) has shown that exercise aggravates post- 
ischcemic oedema in dogs. An experiment was designed, therefore, 
to determine whether or not exercise would have such an effect:— 

A standard perfusion experiment was sot up and both hindlimbs 
of the dog were subjected to continuous faradic stimulation mainly 
applied directly to the muscles below the knee, but with extra stimula¬ 
tion applied from time to time to the sciatic and femoral nerves. This 
simulated exercise was maintained for a period of 4 hours. No oedema 
was produced in the experiment; the degree of hydration in the 
muscles of the anoxic and the normally oxygenated limbs remained 
quite normal (76 per cent, in both). 

Latent effects, Heimberger (1926-27) demonstrated that when 
human capillaries are subjected to ischremia, mechanical irritation 
does not produce local capillary reactions imtil normal blood-flow 
through them has been restored. Such a possibility must be considered 
in the present study. Three experiments were carried out to determine 
whether capillary reactions might be latent during the period of anoxic 
perfusion, becoming recognisable only when a normal circulation was 
restored. 

Standard perfusion experiments were established and maintained 
for about 4 hours. All cannulse were then removed and the incisions 
in the vessels sutured with fine silk and atraumatic needles, so that 
the normal circulation to the hindlimbs was restored. The skin wounds 
were closed and the dogs were left to recover from the anaesthetic. 
No further heparin was given in order to avoid oozing of blood from 
the wound sites. Strict aseptic precautions were observed throughout 
these experiments. 

In two experiments the animals survived for only about 4 hours; 
the deaths appeared to be the result of shock. The femoral vessels 
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•were patent in both. legs. In neither of the dogs was there an 5 ' ceden 
of the perfused or the control limbs. In the first experiment tl 
muscles of the perfused limb contained 76 per cent, of water and th 
control limb 77 per cent.; in the second experiment they hot 
contained 77 per cent. 

In the third experiment the animal recovered completely. Pulst 
tion in the vessels below the knee was nndiminished 8 hours aftc 
suture. Occlusive thrombosis subsequently developed in the dono 
vein and the perfused artery as illustrated in dg. 3 and the obstructio' 
of the artery appeared to be fully compensated by the opening up o 
collaterals. Despite this late thrombosis, there was no cedema o 
either the perfused or the control limbs ; they showed a muscle wato 
content of 76 and 75 per cent, respectively. 

These survival experiments give no evidence of latent damage ti 
capillary endothoEum in the anoxic limb as judged by subsequen 
changes of tissue hydration. 

The effect of anoxia on oedema produced by other methods 

The foregoing standard experiments show that local capOlarj 
anoxia of a severe degree fails to produce oedema ; it remains to be 
considered whether it can aggravate cedema caused by other agents. 

The oedema of hydreemia. Four experiments were performed ir. 
which generalised oedema was produced by the administration ol 
moderate and large quantities of saline intravenously into the general 
circulation of the animal during a perfusion experiment. Table VI2 

Tabm VH 


(Edema produced by different degrees of hydreemia. Comparison of 
musde hydration in perfused and control limbs 





0Mcma 

Dor 

PiiratJon 
of experiment 
(hTS.) 

Total saline 
given (ml./kg.) 

Generalised 

(m/icroscopie) 

water content <per cent.) 


j 

Perfused limb 

Control limb 

N 

4 

50 

_ 

78 

78 

E 

3 

75 


78 

79 

O i 

2 

150 i 


79 ' 

78 

P 

5 1 

650 1 


78 

79 


shows that in these experiments the extent of the oedema was the 
same in the perfused and control limbs. Anoxia had not aggravated 
the cedema of hydrmmia. 

The oedema of plasmapheresis. Acute hypoproteinfemia was induced 
in one dog by several plasmaphereses carried out during the 8 hours of 
an otherwise uncomplicated perfusion experiment. Tlie final plasma 
protein level attained was 1’7 g. per cent. Ascites and generalised 
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cedoma developed. The perfused and control limbs each showed an 
average muscle water content of 80 per cent., and there was thus no 
evidence that the anoxia had aggravated the effect of low plasma 
protein. 

The oedema of venmts congestion, Pour experiments were designed 
to determine whether or not anoxia would increase the rate of develop¬ 
ment of oedema due to raised venous pressure. 

In these experiments the perfusion was started in the usual manner 
and inflatable cuffs were applied to the perfused limb and to one or 
more of the control limbs. The venous pressures in all these limbs 
were recorded continuously. They were increased by inflation of the 
cuffs and maintained constant by adjustment of the cuff pressure as 
required. The cuffs were kept inflated for periods of 4 to 6 hours 
and were removed a minute or two before the circulation was stopped 
and the animal killed. The cuffs were removed before death to allow 
the excess of blood in the congested limbs to escape into the general 
circulation. (Krogh et al. have shown that this escape is practically 
completed within 46 seconds of the release of the cuffs.) 

Information from other experiments was also analysed to determine 
the degree of hydration in both oxygenated and anoxic limbs at 
venous pressures within the normal range. 

The results of those investigations are summarised in table Vlll 
which shows (o) that oedema developed in both the control and perfused 

Table ViXI 

Influence of venous pressure on oedema production. Comparison of 
muscle hydration in pcjfused and control limbs 


Venou'i pn?‘:‘!urc3 
(cm EAliue) 

Muscle crater content 

Perfuserl Umh (per cent) 

Control Umh (per cent) 

16 or less 

76* 

77* 

23 


77 + 

2D 1 

7D 

78 

30 

78 

79 

33 

70 1 

78 

36 

80 

80 

48 


81 


• Average figures aom three experiments 


limbs in proportion to the increase of venous pressure above 23 cm. 
saline, and (6) that the degree of the oedema was not significantly 
different in the perfused limb and the control limb at the same venous 
pressures. There is thus no evidence that anoxia has any effect on 
the oedema of venous congestion. ^ 

Artificially produced local oedema. Experiments were carried out 
to determine whether anoxia would have any effect on (a) the rate 
of xo-absorption of fluid injected locally, and (6) the development 
and re-absorption of local bypereensitivity oedema, 
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(a) The. absorption of local depots of finid :—standard perfusion 
experiment was established. 

Physiological saline was then injected subcutaneously in 3 ml. 
doses into the loose tissues of the dorsal surfaces of both hind feet 
of the dog to produce local fluid swellings. There was no detectable 
difference in the rate of disappearance of the saline from the anoxic 
perfused limb and the normally oxygenated donor limb; both 
swellings had almost disappeared within the course of an hour. 

Normal dog serum injected intradermally in Od ml. doses produced 
small and sharply defined blebs. These disappeared at the same 
rate in both the perfused limb and the donor limb. 

From these experiments it appears that re-absorption of fluid with 
or without a protein component is unaffected by capillary anoxia. 

(b) The local cedema of serum sensitivity. An anaesthetised 10 kg. 
dog was sensitised to horse serum by means of an intravenous injec¬ 
tion of 25 ml. of the serum. A month later a standard perfusion was 
established in the animal and the local reactions to 0-1 ml. of horse 
serum intradermally in both hind limbs were studied. These injections 
of horse serum produced large wheals, about twelve times the size of 
control injections of 0*1 ml. of normal dog serum. No difference was 
observed in the rate of development, the maximum size, or the rate 
of disappearance of the wheals in the anoxic perfused limb and the 
normally oxygenated donor limb. Anoxia apparently failed, therefore, 
to increase the permeability of already damaged capillaries or to 
retard reabsorption of the local oedema fluid. 


Influence of {a) drugs and (b) lymphatic drainage 

The foregoing experiments show that severe capillary anoxia had 
no detectable influence on the water content of tissues. It remains 
to be shown whether (a) increased filtration from capillaries was 
prevented by the general condition of the animals studied, or (6) 
increased filtration was masked by increased lymphatic drainage in 
the perfused limb. 

{a) The general condition of the experimental animals might, in 
theory, have prevented the development of increased capillary 
permeability in the anoxic perfused hmbs. For example, histamine 
release might be partially inhibited by a high blood heparin level 
(Rocha e Silva et aL, 1947). Against such a possibility must be set 
the fact that most of the fundamental types of oedema have been 
produced under the present experimental conditions. Control experi¬ 
ments were carried out to determine whether the experimental 
conditions had any partial inhibitory effect on hypersensitivity oedema ; 
this type of oedema is evidently due to increased capillary permeability 
and therefore of special interest in the present context. From these 
experiments it was found that the wheals of intradermal horse serum 
in a sensitised dog developed at the same rate, reached the same size 
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and were absorbed at the same rate, (o) before atropine, Nembutal 
and heparin were given, (6) after the administration of these drugs, as 
in the preliminary medication in the perfusion experiments, and 
(c) during a standard perfusion experiment. It appears, therefore, 
that the experimental conditions had no inhibitory effect on the 
production of oedema. 

{b) Increased lymphatic drainage might, in theory, have been 
responsible for failure to develop oedema in the perfused limb in the 
standard experiments. The complete symmetry of the oedema 
produced by saline infusion, plasmapheresis and local injection strongly 
suggests that this was not the case. In these experiments it is extremely 
urdikely that the lymph'flow from the limbs would have increased in 
such precise unequal proportions as to compensate exactly for possible 
effects of the anoxia. Direct evidence on the point is provided by the 
experiment previously described, in which collateral circulation was 
eliminated. Lymphatic drainage in this animal would bo reduced 
almost to notliing, being confined to those few channels, in close 
juxtaposition to the femoral vessels and the femoral and sciatic nerves, 
which were not included in the mass ligatures. Such restriction of 
lymph flow produced results identical with those in the standard 
perfusion experiments. In a similar mass ligature experiment in 
wliich oedema was produced by saline infusion (dog E), there was no 
significant difference in the degree of oedema which developed in the 
perfused and control limbs. The unimportant role of the lymphatics 
in the present context is not unexpected, since Drinker and Yoffey 
(1941) have shorni that lymphatic drainage in mammals is a sluggish 
process even in the presence of oedema, unless active measures to 
promote flow, such as massage, are used. Moreover, Cameron et al. 
(1947»48) have produced the oedema of capillary damage in animals 
by exposing them to lewisite ; they observed that while the lymph- 
flow in these animals was increased, the production of oedema fluid 
was much faster than its removal, 

DiscnjssioN 

The literature contains studies of the effects of aU types of anoxia. 
The methods by which these effects have been investigated include 
(a) clinical observation; (&) experiments on man, using plethysmo- 
graph, and plasma protein and hajmatocrit techniques ; and (c) 
experiments on animals in which more direct methods of assessing 
fluid transfer from the capillaries are used, such as the measurement 
of lymph flow or capillary microscopy. 

In the present study the effect of local capillary anoxia in dogs 
has been assessed principally by a gravimetric technique. The anoxia 
obtained was of the anoxic type and of a degree greater than that 
encountered in pathological states asociated with oedema. Harrop 
(1919), for example, found that the percentage oxygen saturations in 
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the arterial blood of 9 cases of decompensated heart disease, lay 
between 81*4 and 97-7, which is considerably greater than the per¬ 
centage saturation of oxygen in the perfused blood in the present 
experiments. The finding that perfusion with extremely anoxic 
blood failed to cause oedema, to accentuate oedema produced by other 
methods, or to delay the re-absorption of oedema fluid, indicates the 
need for a critical examination of the literature on the effects of anoxia 
on capillary permeability and the production of oedema. As far as 
possible the literature is classified according to the type of anoxia 
mainly concerned. 

General anoxia 

Most studies on the relationship between anoxia and the 
permeability of capillaries are based on the effects of general anoxia. 
At the outset it must be emphasised that such investigations cannot 
prove the existence of a direct action of oxygen lack on capillary 
endothelium, since the possibility that the anoxia operates througln 
the central nervous system or by some other central mechanism, 
cannot be excluded. 

Acute anoxic anoxia may be obtained by exposing men or animals 
to a low partial pressure of oxygen ; oxygen is present in the blood 
in small amounts and at low tension. 

McMichael and Morris (1936) found that in human subjects, swelling 
of an arm congested by a cuff occurred at a uniform rate. This rate 
was not increased when the subjects became anoxic by breathing air 
poor in oxygen ; the degree of anoxia achieved was equivalent to an 
arterial saturation of about 65 per cent. Henry et al. (1947) in similar 
limb congestion experiments detected no increase in capillary perme¬ 
ability to protein in states of mild anoxic anoxia, a finding which 
supported earlier work (Henry et al., 1946); when, however, the 
oxygen saturation in venous blood draining from the limb fell to 
16 to 25 per cent., a significant increase in capillary permeability to 
protein was observed. 

Hopps and Lewis (1947) were unable to demonstrate in anoxic 
guinea pigs any increase in capillary permeability to antibodies, 
plasma proteins or dyes. The animals were exposed to oxygen tensions 
corresponding to an altitude of 30,000 ft., which is about the minimal 
lethal altitude for human beings. Calvin (1941) on the other hand, 
concluded from an investigation into the effects of asphyxia on plasma 
volume, red cell volume, and plasma protein concentration in animals 
that from moderate asphyxia to the point of cessation of respiratory 
movements, plasma volume progressively decreased. This suggested 
an increase in capillary filtration as a result of the direct action of 
very severe anoxia on the endothelium. Swann and Brucer (1949) 
have, however, shown that the increases in plasma protein levels in 
dogs subjected to fatal anoxia occur only when the animal is under 
general anaesthesia : Calvin’s interpretation that the changes in plasma 
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protein levels indicate capUlary leakage of fluid is not accepted by 
these %rorkers. 

In anoxic dogs, Maurer (1940-41) observed an increase in flow of 
cervical lymph and an increased passage of protein from the blood 
capillaries to the lymph. In this study, the results of which were 
later confirmed by further work on dogs breathing air containing 
carbon monoxide (Maurer, 1941), he noted a maximum flow of lymph 
when the arterial oxygen saturation of the dogs fell to 62*5 per cent. 
This worker observed general circulatory changes in the anoxic dogs 
but believed that these were insufficient to account for the increased 
lymph-flow ; the evidence for tliis opinion is not conclusive. 

Cameron and De (1949) have shown that in rabbits severe 
respiratory obstruction, pushed to the extremes of asphyxia and 
maintained for several minutes, failed to give lung oedema. Such an 
absence of oedema does not prove that capillary permeabUity in the 
lung is quite unchanged in anoxic animals since Warren and Drinker 
(1942) demonstrated an increase in lymph flow from the lungs of 
anoxic dogs. However, the mode of production of oedema in the 
lungs is probably essentially different from that in other parts of the 
body. In the present study pulmonary oedema was not observed in 
the animals in which generalised oedema had been produced by intra¬ 
venous saline infusions or plasmapheresis. 

Various observations made on men and animals subjected to low 
barometric pressures show that severe anoxic anoxia can occur udthout 
associated oedema. Many accounts of experiments on men and 
animals subjected to low oxygen tensions and a number of autopsy 
reports on patients, principally airmen dying of anoxia, are to be 
found, in which evidence of anoxia is convincing but neither oedema 
nor effusions are ever mentioned as findings (Lewis et al.j 1942 ; Van 
Liere and Stickney, 1943; Ward and Olson, 1943; Gibbs et al.j 
1943; White, 1947 ; Lewis and Haymaker, 1948). Swann and 
CoUings (1943) actually produced dehydration of the tissues of rats 
by subjecting them to low barometric pressures. Some of these 
latter observations may, however, be unimportant in the present 
context for the following reasons. Firstly, at low barometric pressures, 
insensible water loss from the body is presumably increased. Secondly, 
unless extra water were available, the fluid in the circulatory system 
would be insufficient to cause generalised oedema which could be 
recognised macroscopically. 

Chronic anoxic anoxia occurs clinically in cases of congenital heart 
disease in which there is a shunt between the right and left sides of 
the heart. Although the anoxia in these patients is to some extent 
ameliorated by the accompanying polycythemia, their arterial blood 
has a low oxygen saturation : the range in a series of cases of Fallot^s 
tetralogy is given by Taussig (1947) as 10 to 88 per cent. Despite 
this chronic anoxia, csdema is very rarely observed in these cases 
(Fahr and Erahler, 1941). 
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the arterial blood of 9 cases of decompensated heart disease, lay 
between 81*4 and 97*7, which is considerably greater than the per¬ 
centage saturation of oxygen in the perfused blood in the present 
experiments. The finding that perfusion with extremely anoxic 
blood failed to cause cedema, to accentuate cedema produced by other 
methods, or to delay the re-absorption of oedema fluid, indicates the 
need for a critical examination of the literature on the effects of anoxia 
on capillary permeability and the production of oedema. As far as 
possible the literature is classified according to the type of anoxia 
mainly concerned. 

General anoxia 

Most studies on the relationship between anoxia and the 
permeability of capillaTies are based on the effects of general anoxia. 
At the outset it must be emphasised that such investigations cannot 
prove the existence of a direct action of oxygen lack on capillary 
endothelium, since the possibility that the anoxia operates through, 
the central nervous system or by some other central mechanism, 
cannot be excluded. 

Acute anoxic anoxia may be obtained by exposing men or animals 
to a low partial pressure of oxygen : oxygen is present in the blood 
in small amounts and at low tension. 

McMichael and Morris (1936) found that in human subjects, swelling 
of an arm congested by a cuff occurred at a uniform rate. This rate 
was not increased when the subjects became anoxic by breathing air 
poor in oxygen ; the degree of anoxia achieved was equivalent to an 
arterial saturation of about 65 per cent. Henry et aL (1947) in similar 
limb congestion experiments detected no increase in capillary perme¬ 
ability to protein in states of mild anoxic anoxia, a finding which 
supported earlier work (Henry et al.^ 1946); when, however, the 
oxygen saturation in venous blood draining from the limb fell to 
15 to 25 per cent., a significant increase in capillary permeability to 
protein was observed. 

Hopps and Lewis (1947) were unable to demonstrate in anoxic 
guinea pigs any increase in capillary permeability to antibodies, 
plasma proteins or dyes. The animals were exposed to oxygen tensions 
corresponding to an altitude of 30,000 ft., which is about the minimal 
lethal altitude for human beings. Calvin (1941) on the other hand, 
concluded from an investigation into the effects of asphyxia on plasma 
volume, red cell volume, and plasma protein concentration in animals 
that from moderate asphyxia to the point of cessation of respiratory 
movements, plasma volume progressively decreased. This suggested 
an increase in capillary filtration as a result of the direct action of 
very severe anoxia on the endothelium. Swann and Brucer (1949) 
have, however, shown that the increases in plasma protein levels m 
dogs subjected to fatal anoxia occur only when the animal is under 
general anaesthesia : Calvin’s interpretation that the changes in plasma 
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Local anoxia 

One of the classical investigations on the effect of anoxia on 
capillary permeahility vras made by Landis (1927-28). Ho produced 
local capillary anoxia in the mesentery of frogs by stopping the blood 
flow for a few minutes and irrigating the surface of the mesentery 
with de oxygenated Ringer solution. He found that there waS an 
increased transudation of fluid from the capillary he w^as investigating, 
as compared with that from the control capillaries exposed to 
oxygenated Ringer solution. He noted some lack of uniformity in 
his results and attributed this to the proximity to the capillary ho 
was observing of other capillaries containing freely circulating blood. 
Tliis suggested that the degree of anoxia required to produce increased 
fluid transudation was severe, in fact so severe that in 1934 (p. 402) 
he stated “ it is still doubtful wdiether the oxygen tension in 
functioning tissues ever becomes low enough to be of importance.” 

An objection to applying the results of Saslow’s and of Landis’s 
experiments to mammalian pathology lies in important differences 
which exist between the circulator}^ d 3 mamics of frogs and mammals 
(Isayama, 1924-25; Florey, 192G; Conklin, 1930a). It is also well 
known that the capillaries of frogs have normally a much greater 
permeability to protein than have those of mammals (Conldin, 19306 ; 
Rous and Smith, 1931). 

Ischcomia. Total vascular occlusion for some hours in experi¬ 
mental animals has been shown to cause oedema after the circulation 
is re-established (Lazarus-Rarlow; Pochin, 1939-42). This effect of 
local ischeemia is often put forward as evidence that anoxia increases 
capillary permeability though it is scarcely necessary to point out 
that in ischsemia the capillaries are deprived of all nourishment and 
not simpl}’’ of oxygen. It is impossible to say from such experiments 
which particular effect of the ischoemia causes the oadema. 

Conclusions from the literature 

It is clear from the published w'ork that acute anoxia increases 
capillary permeability only when the anoxia is extremely severe. 
Acute anoxia of this degree is to be expected only in an animal on 
the point of death. There is no evidence that a milder degree of 
anoxia persisting for a long period has the effect of increasing capillary 
permeability and producing cedema. 

Summahy 

In order to obtain direct evidence of the effects of local anoxia 
on capillary permeability and the production of cedema, experiments 
were performed under controlled conditions on dogs in which the 
femoral artery of one hindUmb was perfused with venous blood from 
the femoral vein of the opposite hindlimb. The average oxygen 
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saturation of the perfusing blood was in the region of 50 per cent, 
and the duration of the perfusion was usually 6 to 7 hours. 

In one group of experiments uncomplicated perfusions were 
carried out; oedema did not develop in the anoxic perfused hmb. 
In a second group of experiments various modifications of the simple 
perfusion technique were made, and these confirmed the validity of 
this method of investigating cedema. In the remauung experiments, 
the perfusion method was used in dogs in which oedema had been 
produced by saline infusion, plasmapheresis, venous congestion or 
local injection ; anoxia did not aggravate the cedema in the perfused 
limb nor reduce its rate of re-absorption. 

The evidence from these experiments and from a critical analysis 
of the literature suggests that capillary anoxia plays no part in the 
production of cedema. 

I am indebted to Professor H. L. Sheehan for his guidance and criticism 
throughout this investigation, to Professor R, A. Gregory for his advice on 
physiological technique, and to Dr Helen T. Morgan for her assistance during 
experiments. 
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MYONEURAL JUNCTIONS AND TOXIC AGENTS 

I'. A. Dei?2 

Medical Besearch Council Unit Jot Beaearch in Toxicology^ 
Woodmansteme Hoad, Carsfialimv Beechea, Surrey 

(Plates XXXVU-XLI) 

The myoneural junction which forms the vital link between nerve 
and muscle is being studied intensively by physiologists and almost 
entirely neglected by pathologists. Tliis neglect is surprising because 
an increasing number of toxic agents are being shown to produce 
their effects at this site. Investigations in the field of myoneural 
pathology have been directed chiefly to the study of the degenerative 
changes wliich follow section of the motor nerve, and the fact that 
similar changes follow the destruction of the neurone in poliomyelitis 
(Chor, 1933 ; Dublin et aL, 1944) has been accepted as a reasonable 
and expected sequel. Interest in the human myopathies has usually 
been confined to the muscle itself, but Noel and Pommd (1932) reported 
primary changes in the motor end-plates. On the other hand, Falin 
and Kanarejldn (1941) described changes which they considered to 
be secondary to the atrophic process in the muscle. The lesions of 
the myoneural junctions which have been reported in beriberi will 
be considered later. This short summary disposes of all that is 
reasonably definite in the pathology of the myoneural junctions and 
leaves for consideration the much more obscure problem of the effect 
of drugs and bacterial toxins, grouped generally as toxic agents, on 
the microscopic anatomy of the myoneural junction. 

In a review of the mode of action of a number of toxic agents, 
Dale (1948) has pointed out that although curare, botulinus toxin 
and tetanus toxin aU produce their effects at the myoneural junction, 
the precise mode of action is different in eacli case. The physiological 
differences are definite but the claims that morphological changes 
can be demonstrated are conflicting and inconclusive. In the present 
work the compound para-nitrophenyl diethyl thiophosphate, to which 
the symbol E.605 is given, has been used to produce functional 
disturbances at the myoneural junctions and to provide material for 
histological study. The symptoms of E.C05 poisoning, as reported 
earlier (Denz, 1951), include muscular fibrillation and weakness. 
E.C05 has the power of inactivating both true and pseudo-chohn- 
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esterase and probably produces its effects in vivo in this way (DuBois 
et al., 1949). The prevailing view of the transmission of nervous 
impulses from motor nerve ending to muscle fibre is that a minute 
amount of acetylcholine is liberated at the end-plate. This acetyl¬ 
choline is almost immediately hydrolysed by cholinesterase, but it 
persists long enough to cause an excitatory depolarisation at the 
surface of the motor end-plate and the impulse is then electrically 
propagated in the muscle fibre. In E.605 poisoning, the cholinesterase 
is inactivated and therefore acetylcholine accumulates and persists 
at the myoneural junction. Thus a mechanism depending on the 
sudden production and rapid disappearance of acetylcholine for its 
initiation breaks do^vn if acetylcholine persists unchanged. The 

NUCLEI OF SOLE-PLATE 



fibrillation and muscular weakness probably result from this disturb¬ 
ance in the transmission of nervous impulses. 

Since motor end-plates were first described by von Doyere in 
1840, their structure has been the subject of considerable controversy. 
Stohr (1928), Boeke (1932) and Hinsey (1934) have given full accounts 
of the earlier work, and more recently TeUo (1944) and Couteaux 
(1947) have again attempted the elucidation of the finer structure. 
The terms myoneural junction and motor end-plate will be used 
synonymously in this paper. A labelled diagram (fig. 1) gives some 
idea of the modern views of the structure of this organ and of the 
components to which reference will be made in the text. The myelin 
sheath of the nerve fibre ends just before the fibre ramifies to form the 
hypolemmal axon, which has been shown by Couteaux to be in shallow 
gutters on the surface of the muscle fibril. The muscular component 
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MyoXBUltAL JUN'CTIONS AMJ TO\tC Aai:NT!9 



Flo, 2.—Threo rouscle end-plntcs of nverngo size, from a rat poisoned acutely 
\(ritKE.605. Gold chlondo. x150* 




l _ 

1*10. 3.—Throe end^plntes, ono slightly out of focus, Tuo are of a\erttgQ aiAo and 
one 18 very small (about 12 p m length). From a rat poisoned aeutoly with 
E.605. Gold chloride. xlSO. 
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Fio. 4,—l*nrpn entVpWto for compnnaon with fiR. "From n rnt poiRt>rif'(\ 
nciitely witii II.^)05 Gold f’hlon'clo. y 750. 
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Ftn. 5 —Ono cm\'p\alo of average siyo aatl one largo ead-plate {about 50 n in length). 
Granule‘s of Kulme prominent, with clear nreafs around fronds of hypolemmal 
axon From a rat poisoned acutely tvitb E.OOr*. Gold oliloride. >' T.'JO 
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Myoneural junctions and toxic agents 



Fin. 6.—^End-plnte showing well'dove! oped 
prnnidanty of tho solo - plate. Tho 
granules of Kuhno outline tho nuclei of 
tho sole pinto, which nppenr ns clour ovnl 
Hpaccs. From n rnt poisoned ncutoly-w ith 
E C05. Gold chloride. XTHO 



Fig 7. —End-plnto ^Mth ngrnmdar sole-plate. 
For comparison with figs, li ond R. From a 
rat poisoned ncutely w ith E CO.'l. Gold chloride. 
X750. 



Fig. 8—^To illustrate tho variation found in adjacent end-plates. Ono is of Carey’s 
expanded type, the other of the retracted, strongly chrysophilic type. From a 
rat poisoned acutely with E.fiOa. Gold chloride. X750. 
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1 K a—^Three m\onoiiral junction*? one of ^^hlch shows some of the hjpolemmal 
tt\ons sharply in focus Tho collection of nuclei around the myoneural junctions 
IS well shown bil\cr method—Bielschowskj Gross, counterstamod with liTma 
toxyhn X7C0 



I? 10 10—The first subdiMsions of tho hypolemmal axon are sharply m focus, but 
the rest Ijing m a deeper plane are much less well defined From on animal 
poisoned acutely n jth E COS Methylene blue x 750 
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of the myoneural junction is the solo-plate. In gold preparations this 
is frequently studded mth granules, the granules of Kiiline, winch 
outline the pale areas occupied by the nuclei of the solo-plato (fig. fi) 
and the margins of the gutters containing the neural ramifications 
(fig. 6). The muscle striations continue across the sole-plate (figs. 2 
and 7), but are less well defined and are frequently obscured by the 
granules of Kuhne (fig. 5). 

The three different methods used in this work—^tho gold, silver 
and methylene blue methods—^tend to show up different components 
of the end-plates, as Wilkinson (1929) has stated. The diagram 
(fig. 1) is drawn more from the appearance with gold preparations, 
and does not indicate the fineness of the neural ramifications obtained 
with the silver method (fig. 9). Again, the granules of ICuiuio are 
frequently present in gold preparations, but only rarely in methylene 
blue preparations (fig. 13) and never in silver preparations, although 
Carey (1944a) has implied that their counterpart in silver preparations 
is that capricious and controversial structure the periterminal network. 
The problem of comparing the results obtained by the different methods 
is avoided to some extent in this paper by considering separately 
the results obtained with each method in turn. 

An outstanding feature of motor end-plates is the great variability 
of the neurofibriUary network. No end-plato is ever exactly like 
another, and this individuality has led to encyclopjedic accounts 
such as that of 'Khhne who desonhed no less than diBetont 

types of end-plates. One explanation of this diversity of structure 
is that these variations refiect changes in physiological state, a concept 
that has been advanced in particular by Carey and his associates. 
The present work was designed to see whether lesions could he produced 
at the myoneural junctions by an anticholinesterase'agent and to 
investigate this relationship between morphology and physiological 
state of the motor end-plates. It includes a critical review of the 
contributions of others to this question. The technical problem^ in 
the making of microscopical preparations of myoneural junctions are 
considered in detail, for an appreciation of these problems is crucial 
in the assessment of work in this field. 


Methods 

The albino rat was naed in the majority of the e^eriments and discussion 
will be limited to this animal. Some preparations were made from the tissues 
of mice and rabbits but these do not affect the conclusions reached on material 
from the rat. Acute E.605 poisoning was induced by subcutaneous injection 
of solutions of E.605 in ethyl lactate or ethyl alcohol, the dose ranging from 
1 to 16 mg. per kilo. Prolonged poisoning with E.C06 was produced by daily 
injections of 1-6 mg. per kilo for periods up to ten days. Symptoms of prolonged 
poisoning were also produced by feeding on a diet containing 100 parts per 
million of E.605. The rats were killed by a blow on the head. The muscles 
examined were the intercostals, the abdominal muscles and the gastrocnemius. 

For the gold chloride method the tissue was fixed immediately after death 
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in 20 per cent, citric acid. Small pieces of muscle were treated with gold chloride 
solution according to Carey's (1942) modification of Lowit’s (1876, quoted by 
Hinsey) original method. Crush preparations of the muscle were found to be 
most satisfactory. 

Two different methods were used for silver preparations. Evans's modifica¬ 
tion (1949, personal communication) of the Bielschowslcy-Gross method was 
used chiefly. The best results were obtained after fixation for 7 or 8 months in 
the pyridine-formalin solution. A smaller number of preparations were prepared 
by Glees’ (1946) modification of the silver method. 

The methylene blue method used in this work was evolved only after meeting 
many technical difficulties. The innumerable variations of the methylene blue 
method which have been published since Ehrlich first used this dye to stain 
nerve tissue in 1886 emphasise its capricious behaviour. The problem has been 
somewhat clarified by Schabadasch (1935, 1936), who summarised in two papers 
the results of twelve years’ work. On the basis of Schabadasch’s findings a 
staining solution was designed to stimulate glycolysis by the addition of glucose 
and of magnesium and phosphate ions. The solution consisted of sodium 
chloride 0*8 per cent., glucose 0*2 per cent., magnesium bromide 0*02 per cent., 
methylene blue 0*02 per cent., buffered to pH 6 with a phosphate buffer. 
Methylene blue 2 B.S. (I.C.I.) was found to be the best of a series of six different 
samples, but no explanation can be given for this finding. Both control rats 
and those poisoned with E.605 were killed by stunning. The chest wall was 
immediately exposed and the intercostal muscles infiltrated with the staining 
solution, which had been warmed to 37® C. The whole animal was then placed 
in an incubator for 20 minutes, the intercostals being infiltrated twice more 
with the methylene blue solution. The ** blueing ” was controlled under a 
dissecting microscope and small pieces of muscle containing stained end-plates 
were selected for fixation in ammonium molybdate or ammonixim picrate 
Frozen sections were cut, dehydrated in n-butyl alcohol, cleared in xylene and 
mounted in canada balsam. Satisfactory although not quite uniform staining 
could be obtained consistently with this method. 


Results 

Gold chloride method 

The basis of comparison of the end-plates of animals poisoned 
with E.605 and normal animals was :—(1) The size of the end-plates. 
(2) The appearance of the hypolemmal axon, i.e. the nervous ramifica¬ 
tions within the end-plates. (3) Alterations in the granularity of the 
sole plate—^the granules of Kuhne. (4) The incidence of gross lesions 
such as nuclear pyknosis or fragmentation of the end-plates. 

The maximum diameter of the end-plates was measured in both 
experimental and control animals. The mean and standard deviation 
for 500 consecutive end-plates for the two groups were :— 

Normal animals • • . 33*65 /xd:7*231 

Poisoned animals . . . 33*37 /i±7*915 

More detailed analysis of the figures did not disclose any significant 
variation from preparation to preparation or from animal to animal. 
The end-plates of chronically poisoned animals were also of normal 
dimensions. 

The variation in size of end-plates can be illustrated by reference 
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Fio 11 —Staining rluoflj of the hypolemmal n\on the \nriUion m intensit\ bcinj, 
duo to tho fact that tho aolo plate not u flat structure and nnij ptrts of the 
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to tho following photographs, all of which have tho same magnification. 
Fig. 2 provides examples of end-plates of average size as stained by 
tho gold method. Fig. 3 shows two end-plates of average size and 
one very small end-plate which may bo contrasted with the large 
end-plate in fig. 4. Fig. 6 also shows a very large end-plate as well 
as one of more moderate size. As those are all from poisoned animals 
it is obvious that E.605 poisoning has not produced a common 
expansion or retraction of tho end-plate, but has left intact tho normal 
variability. 

The hypolommal axon in the gold method is outlined by the fine 
granules. Considerable variations in granularity are found in both 
control and experimental animals. A consideration of tho technical 
details of tho method suggests that great caution must be used in 
attributing such variations to physiological or toxic changes. It is 
customary to make several preparations from a single piece of muscle, 
usually between five and ton. Some of those may not show any 
end-plates; others show end-plates stained with varying degrees of 
precision. From the set of preparations one or more is chosen because 
of tho clarity or elegance of tho end-plates and taken as representative 
of tho muscle. In this way each preparation is selected for some 
property decided on by tho experimenter before it is used for assess¬ 
ment of changes attributable to toxic agents. Alterations in tho 
granularity of the hypolommal axon may arise from differences in the 
time the tissue is taken after death, in tho relation of tho end-plates 
to the surface of the muscle exposed to the gold chloride, in the 
thickness of tho fragment of tissue, in tho strength of the gold solution 
and probably many other factors. In a single preparation some 
end-plates may be well stained, others overstained, and yet others 
so lightly stained as to be almost invisible. These variations and 
the process of selection of preparations for detailed examination make 
comparison of tissues from control and experimental animals fraught 
with possible sources of error. No constant change in granularity 
of the hypolemmal axon has been found in E.G05 poisoning. Indeed 
the experimental and control tissues are indistinguishable. 

Alterations in the appearance and number of the granules of 
Kuhne have been described by Carey (1944a) following the administra¬ 
tion of curare and quinine, and to a much lesser degree by Gujrton 
and MacDonald (1947) in experimental botulmus poisoning. The 
granularity of the sole-plate is as variable as the granularity of the 
hypolemmal axon, and the same criticisms of its validity as a criterion 
of abnormalities of the muscle end-plates can be applied. Thus 
figs. 5 and G show well-defined granules of Kuhne whereas figs. 4 and 7 
are almost without granules. Fig. 8 shows two end-plates on adjacent 
fibrUs, one being of Carey’s expanded type showing few granules, 
the other a retracted type dark with granules. Thus in E.605 poisoning 
no consistent change could be found in the granules of Kuhne in the 
solo-plate. 
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Gross changes in the end-plates were sought but not found. No 
single feature or combination of features was found that could enable 
the myoneural junctions of E.605-poisoned animals to be distinguished 
from those of normal animals. All the illustrations are from animals 
poisoned with E.605. A similar series could be selected from normal 
material. 


Silver method 

Clean and satisfactory preparations were obtained with the silver 
method. The fine ramifications of the hypolemmal axon as displayed 
with this method (fig. 9) contrast strongly with the coarse fronds 
shown by the gold method. In most preparations only the hypolemmal 
axon is seen and there is fittle to characterise the sole-plate except its 
nuclei which in fig. 9 have been stained with hsematoxyUn. The 
method has the disadvantage of sectioned material as compared with 
crush and teased preparations in that myoneural junctions are so 
large that they are often seen only in fragments. If very thick sections 
are cut they are so opaque that resolution is difficult. 

The myoneural junctions from normal animals and from animals 
poisoned with E.605 were examined for retention of normal morphology, 
cleanness of staining, regularity of outline, retention of the normal 
number of neurofibrils and affinity for silver. In no respect did the 
poisoned end-plates differ from the controls. 


Methylene blue method 

This method was tried after failme to demonstrate changes in 
myoneural junctions by the silver and gold methods. It was thought 
that methylene blue might share the properties of other quartemary 
ammonium compounds of interfering with nerve conduction, and also 
because it was a known inhibitor of cholinesterase (Rentz, 1940 ; 
Klein, 1944). It seemed likely that the selective uptake of methylene 
blue by nervous tissue might be related to its cholinesterase content 
and that the inactivation of cholinesterase by E.606 might result in 
an altered affinity for methylene blue, with failrue to stain the end- 
plates as the likeliest possibility. 

Erom a study of the myoneural junctions of normal animals and 
animals poisoned by E.605 no difference could be seen between the 
two groups, a conclusion completely in accord with that reached by 
the silver and gold methods. Although the myoneural junctions of 
both groups stained quite well there was considerable individual 
variation. This is somewhat difficult to illustrate owing to the 
difficulty of photography under high magnification of structures applied 
to the cylindrical surface of muscle fibres (see fig. 10) and to the fact 
that the contrast obtained with methylene blue is not nearly as good 
as with gold. However, some of the variability found in both normal 
and poisoned animals can be illustrated. Eig. 11 shows the picture 
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often seen Tvhere the staining is chiefly of the hypolemmal axon. 
In fig. 12 the axon is practically unstained, whereas the gutter of 
the sole plate in which the hypolemmal axon lies is clearly stained, 
giving a picture closely resembling those obtained by Couteaux with 
Janus green. In fig. 13 the hypolemmal axon is darkly stained and 
the methylene blue is also deposited in granules on the sole-plate. 
These variations could not be controlled and obviously the method 
is not completely standardised. 

Practical experience with the methylene-blue method has led to 
the acceptance of Schabadasch*s general concept that methylene blue 
is taken up selectively only by living nervous tissue and that this 
occurs under anaerobic conditions. He attributes the selective uptake 
of methylene blue to the groat capacity of nervous tissue for anaerobic 
glycolysis, the methylene blue acting as a hydrogen acceptor in the 
chain of carbohydrate metabolism. It is thus continuously reduced 
to the leuco-base. The regeneration of colour occurs when the experi¬ 
mental conditions are altered from anaerobic to aerobic. The reason 
for the firm localisation of methylene blue in the nervous tissue after 
reduction and then for some time after regeneration of full colour, 
is less well understood. Schabadasch attributes it to the accumulation 
of lactic acid following anaerobic glycolysis. This produces a change in 
j>H to the acid side with a resulting binding of the basic methylene blue. 

If it is accepted that methylene blue stains nervous tissue selectively 
because its oxidation reduction potential is such that it can act as a 
hydrogen acceptor, then the concept that staining is primarily due to 
the presence of cholinesterase in the tissue and that combination 
with methylene blue is due to its power to inhibit cholinesterase is no 
longer tenable. This has been confirmed by adding a potent, rapidly 
acting anticholinostoraso agent to the staining solution at a concentra¬ 
tion adequate to inhibit cholinesterase completely and observing that 
the myoneural junctions stained in the normal way. The compound 
tetra-ethyl pyrophosphate (TEPP) has been found by Aldridge (1950, 
personal communication) to produce 50 per cent, inhibition of true 
cholinesterase in 30 minutes at 37® 0. at a molar concentration of 
1*2 X 10“®. TEPP was added at a concontration of 10“® molar to the 
staining solution immediately before injection and adequate staining 
of motor end-plates was obtained. The lack of correlation between 
methylene blue staining and cholinesterase content of myoneural 
junctions is confirmed by the work of Hillarp (194G), who found 
that nerves and myoneural junctions fully stained by methylene blue 
were still capable of transmitting impulses to muscle in the normal way. 


Discussion 

In E.605 poisoning two possible events have been considered, 
first that the myoneural junctions may he abnormal and second that 
the inactivation of cholinesterase might reduce all end-plates to a 
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common physiological and morphological state. The junctions would 
then he expected to present a constant and uniform appearance. In 
the poisoned animals neither possibility was encountered. The 
normal structure was preserved along with the normal variability. 

In view of the negative findings in E.605 poisoning it is instructive 
to examine the reports of the eflFect of other toxic agents on myoneural 
junctions. This investigation may be opened by considering the 
problems of acute beriberi and acute starvation, in which the lesions 
described by Woollard (1926-27) are often quoted in support of views 
associating myoneural lesions with disorders of function. It provides 
an example of the difficulty of assessing work in this field and the 
peculiar viability of ill-founded conclusions. In beriberi the almost 
immediate relief of severe symptoms by vitamin has long been a 
pathological curiosity. The degenerative changes in the brain, spinal 
cord and peripheral nerves that have been described at various times 
have always seemed inadequate as a primary cause of the symptoms. 
Tstmoda (1928) used the silver method to study the muscle and plates 
of pigeons with experimental beriberi and reported irregularity in the 
outline of the h3q)olemmaI axon. Woollard with the gold and 
methylene blue methods found an early breakdown of the muscle 
end-plates of rats with beriberi and, surprisingly enough, thought 
that these lesions offered a more satisfactory explanation of the rapid 
recovery on treatment with vitamin than did the polyneuritis and 
spinal and cerebral lesions described by others. Woollard did not 
strengthen his case by describing similar changes in the end-plates 
of rats after short (6-7 day) periods of starvation, periods about 
four weeks less than the usual time required to produce experimental 
beriberi. This production of end-plate lesions by inanition has been 
controverted by Rogers et ah (1931), who reported that the finest 
ramifications of the hypolemmal axons were preserved on the surface 
of muscle fibres which had undergone complete hyaline necrosis in 
the condition of nutritional muscular dystrophy in guinea-pigs, now 
attributed to vitamin-E deficiency (Wolbach and Bessey, 1942). 
More recently Hines et al. (1943-44) could find no evidence that 
functional denervation resulted from prolonged acute inanition in 
rats and guinea-pigs. The modem view of the biochemistry and 
indefinite pathology of acute beriberi has been summarised by Peters 
(1949), who defines it as a biochemical lesion ” in which severe 
symptoms appear before any changes are visible under the microscope. 
We are not concerned here with the degenerative changes in nervous 
tissue that may arise in chronic beriberi but only with the lesion of 
acute beriberi as produced by Woollard in which the symptoms 
disappear in a few hours after treatment with vitamin B^. It is now 
much easier to accept the idea that the symptoms arise from a 
disturbance of the pyruvate oxidase system rather than from a primary 
degeneration of the muscle end-plates. 

Curare has been studied longer than other toxic agents which 
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act at the myonoural jvinction and is tho only ono on which a substantial 
amount of pathological work has boon done. But tho conclusions 
of the various workers are inconsistent. Klilmo (18C0) thought' that 
the unstained reptilian ond-plate was rendered more distinct when 
poisoned with curare. IMiura (188G), using tho gold chloride method, 
found some atrophy of tho ond-platos in lizards after 40 days of 
poisoning, but no change in frogs. Herzen and Odior (1904) also 
employed tho gold chloride method with frogs and thought that 
treatment with curare produced irregularity in the outline of the 
digitations. To this inconclusive earlier work can bo added some 
recent but conflicting reports. Rojas et al, (1939), applying both tho 
gold and silver methods, describe in curarisod lizards an enlargement 
of tho end-plates and an increased prominence of the hypolemmal 
axon. Carey (1944a), using the gold chloride method with chameleons, 
reached the opposite conclusion that curare caused a retraction of 
the end-plate. In addition he reported an increased chrysophilia 
and accretion of the granules of Kuhne. Dublin (1944), on tho other 
hand, could find no remarkable variation in the muscle end-plates 
of curarisod rabbits stained by the gold method. This last conclusion 
is supported by tho work of King (1945), who measured the muscle 
end-plates, stained by tho gold chloride method, of normal and 
curarised rats and could find no difference in size or structure. 

There is much less information on the liistological changes in 
poisoning by other toxic agents acting at tho myoneural junction. 
Tho appearance of end-plates in experimental poisoning of guinea-pigs 
by botulinus toxin has been reported by Guyton and JIacDonald. 
Tho toxin was injected intramuscularly so as to produce local paralysis 
and the affected end-plates were examined by the gold cldorido method 
after varying periods of paralysis from four days to seven months. 
They formed the guarded opinion that it could not bo concluded 
that there were any definite structural changes in the poisoned end- 
plates, although these were not entirely normal in the earlier stages 
of poisoning. They expressed surprise that poisoning and paralysis 
of over six months’ duration could occur without morphological 
change in the myoneural junctions. 

Internal evidence throws some doubt on the conclusions reached 
by Kura and Kamesawa (1928) on the myoneural changes in tetanus. 
They injected tetanus toxin subcutaneously in mice and with the 
silver method found coarseness of outline of tho hypolemmal axon 
thickening of nerve fibres and irregularity in tho silver staining. These 
findings are strikingly similar to changes found in beriberi in pigeons 
and reported from the same laboratory at the same time (Tsunoda). 
Indeed, Tsunoda in his paper attributes very similar changes in the 
end-platos of the normal rat to delay in fixation. 

The work quoted so far certainly does not justify tho conclusion 
that morphological changes can be experimentally induced m muscle 
end-plates, but little mention has been made of the work of Carey, 
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the chief proponent of this view. In 1941a Carey stated briefly that 
the pleomorphism of the end-plate is a consequence of its amceboid 
movement on the muscle fibril and, perhaps less clearly than in later 
papers, that the variations in the granularity of the sole-plate are 
evidence of different phases in the periodic activity of the secretoiy 
mechanism of the end-plates. Over the next eight years he and his 
colleagues published a series of papers supporting these hypotheses. 
The criticism of the gold chloride method detailed in an earlier part 
of this paper applies to Carey’s work as a whole. In his papers there 
is no real attempt to define the normal variation, the position adopted 
being that this is a problem “ comparable to the study of the various 
complex forms of the waves that compose breakers along a diversified 
coastline” (Carey et al., 19466, p. 184). Despite this fundamental 
difficulty Carey and his associates were able to describe the production 
of characteristic changes in myoneural junctions by many different 
ways—^by electrical shocks and the inhalation of carbon dioxide 
(Carey, 1941a and 6, 1942), by the action of a number of drugs, 
including curare, quinine, physostigmine and acetylcholine (Carey, 
1944a),and D.D.T. (Carey et al., 1946a), by the injection of lactic acid 
(Carey and Massopust, 1944), in human poliomyehtis (Carey et al., 
1944a) and in experimental poliomyelitis in monkeys (Carey, 1943 ; 
Carey, 19446), following hsemorrhagic shock (Carey et al., 19446), 
traumatic shock (Carey et al., 1945a, Carey et al., 19456) and thermal 
shock (Carey et al., 19466), after nerve section (Carey et al., 1946c), 
and after disuse (Carey et al., 1948). This formidable series of papers 
is characterised by beautiful illustrations and many novel views on 
the structure and particularly the function of nerve and muscle. 
Some of these opinions can be illustrated by reference to the evidence 
which “ appears to support the claim that there are morphologic as 
well as chemical transmitters of normal and abnormal nerve impulses ” 
(p. 1227) and that motor end-plates “ appear to be biologic jet-pumps 
that discharge either normal or abnormal neurogenic substances into 
the myoplasm of the muscle fibers ” (Carey et al., 1946c, p. 1226), 
and the view that cross striations of voluntary muscle are “ structural 
expressions of the changeable mechanical energy of explosive pressure 
that accompanies the capillary chemistry of metabolism ” (Carey 
et al., 19466, p. 196). 

The acceptance of the view that toxic agents can produce 
characteristic changes in myoneural junctions (McInt 3 T’e, 1947; 
Marrazzi, 1948 ; Lehman, 1949 ; Cowdry, 1950, and others) has 
usually been based on one or other of Carey’s papers and not on a 
critical assessment of the available evidence, which, taken as a whole, 
does not support either the hypothesis that morphological lesions 
have been produced by a variety of toxic agents, or the ancillary 
suggestion that the great variability of myoneural junctions in normal 
animals is the consequence of their varying physiological states. 
Two main reasons can be given to explain the contradictory findings 
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■which have been recorded. The depth and selectivity of the staij^g 
cannot bo adequately controlled, a point that has been emphasised 
by Bremer (1936) and Gutmann and Young (1944). ^lany -^^orkers 
have failed to establish the normal range of variation and have made 
the error of attributing to the action of specific toxic agents -what 
are really normal appearances. 

The present work records the failure to find pathological lesions 
in animals poisoned by an anticholinesterase drug. It provides 
additional evidence of the inadequacy of the three methods, the gold 
chloride method of LOwit, the Biolschowsky-Gross silver method and 
the methylene blue method of Ehrlich as means of investigating the 
histological aspects of poisoning by agents loionm to act at the npiyo- 
neural functions. But tho possibility of using the microscope to study 
the effect of toxic agents on myoneural junctions is not excluded. 
Perhaps such methods as phase contrast microscopy, an examination 
of the mitochondria of tho solo plate on the linos of Noel and Pomm6, 
the use of the Janus-green method of Coutcaux, or a study of the 
site of activity of cholinesterase by methods such as those of Gomori 
(1948) and Koelle and Eriedonwald (1949) may offer more promising 
lines of investigation. But such techniques are unlilcely to bo used 
untU the inadequacy of the more usual methods is fully appreciated 
and some of the generally accepted reports more critically assessed. 
This paper is directed towards this end, with the definite statement 
that the production of pathological lesions of myoneural junctions by 
toxic agents such as curare, botulinus toxin, tetanus toxin and anti¬ 
cholinesterases has not yet been satisfactorily demonstrated. 

SlBIMABY 

1. Tho histological structure of myoneural junctions of the albino 
rat was examined in tho normal animal and also in the rat poisoned 
by the anticholinesterase drug, para-nitrophenyl diethyl thiophosphate 
(E.605). 

2. The gold chloride method, tho ammoniacal silver method and 
the methylene blue method were used to demonstrate the myoneural 
junctions. 

3. No consistent changes that could be attributed to the action 
of E.605 were found. 

4. Tho reports in the literature of structural changes in myoneural 
junctions produced by other toxic agents such as curare and botulinus 
toxin are critically assessed. 

5;^. The conclusion is reached that the production of -visible patho¬ 
logical* lesions in tho myoneural junctions by such toxic agents has 
not been satisfactorily demonstrated. 

6. The inconsistencies in the literature are accounted for by tho 
extreme variability of the normal structure and by the fact that 
reproducible results have not been obtained with the usual histological 
methods for myoneural jimctions. 

J. TATH. BICT.—TOU LXUl ' q 
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THE ANTIDIURETIC HORMONE OF THE POSTERIOR 
LOBE OF THE HTOIAN HYPOPHYSIS 


Cesahe Cavallero and Marco Zanchi 
From (he Department of Pathological Anatomy, University of Milan 

Recent evidence sviggests that nonxohypophysial function is modified 
in a variety of clinical and experimental conditions. It seemed of 
interest, therefore, to investigate the hormone content of human 
posterior pituitary glands obtained from post-mortem material which 
included instances of diseases in which disturbances of the metabolism 
of water are known to occur. 

A difficulty inherent in such an investigation is the delay between 
the death of the patient and the removal of the material- for analysis. 
In the present series the glands were removed 10 to 25 hours after 
death and it is assumed that no marked losses of activity occurred 
during these intervals. This assumption appears justified in view of 
the finding of Heller and Zaimis (1949) that the antidiuretic and 
oxytocic potency of extracts of human posterior lobes, removed 7 to 
40 hours after death, showed no correlation with the length of time 
which the glands had been kept in situ. 


MateriaIj Aim Methods 


The antidiuretic potency of extracts of SShumanhypophyaesvras estimated; tho 
age of the subjects ranged from 16 to 78 years; 33 were males and 26 wore females. 

Preparation of extracts. The posterior pituitary lobes were carefully dissected 
as soon as possible after death and immediately groimd in a mortar with 
0*9 per cent. NaCl solution. One ml. of saline was allowed per mg. of gland. 

Method of antidiuretic assay. Bum’s (1931) method was used. Water and 
food was withheld from the rats for 12 hours before the experiment. The output 
of urine was calculated as percentage of the water administered. Readings were 
taken every 15 minutes for a period of three hours. Tlie neurohypophysial 
extracts were injected immediately after they had been prepared. The standard 
dose was O-S ml. of extract (equivalent to 0*6 mg. of neurohypophysial tissue) 
per 100 g. rat. Control experiments were made with the same volume of 
0‘9 per cent. NaCl solution only and with extracts of indifferent nervous tissues 
(cerebral and cerebellar cortex, pineal body) in the same dosM, t.e. 0*6 ml. 
(0*6 mg.) per 100 g. rat. 

Statistical evaluation of results. Standard errors (S.E.) were calculated 


“ Vn(n~l) 


and Student’s 


t ” by means of the foUoxring formula; 


x—y 




differences between two groups were considered significant when " t ”>2-2. 
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RuSUIiTS 

Tablo I compares the nntidiuretic ofTocfc of nourohj^jophysial 
extracts -with the results obtained wth tlio control solutions. It shows 
the high potency of the posterior pituitary extracts and the absence 


'J'ablf. I 

Mcayi rjjcct on u^tcr diurr^^in of rnt^i produced 6j/ mlxnc, nervous tissue 
controls and ncurohijpophjsud extracts (for dosage see text) 
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of fintidhirctic nctmty in tho control oxtmcls. No relation could bo 
observed between honnono content and sox but roinarkablo difforonces 
appeared when tho post-mortem material was grouped according to 
tho disease from which tho patients hud s\ifrorcd (table II). Tho 

TAmx JI 


Mean effect on vyjfer diuresis of rats produced In/ nruroht/pophysial extracts 
from post-mortem riutfertn! grouprd acconting to morbid conditions (for dosage 
sec text) 
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“ normal group comprised glands from cases in wliicli no 
abnormalities of the metabolism of water had boon evident. Tho 
causes of death in this group wore malignant growth, tuberculosis, 
sepsis, meningitis, abortion, loukfcmia and gastric ulcer. Tho extracts 
from tho gland of such cases showed a fairlj^ uniform activity winch 
was considered as normal and which served as basis of comparison 
for tho results obtained in the other groups. Tho interest of the 
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table lies in the cases of renal and essential hypertension, cirrhosis 
•with ascites, cardiac failure •with oedema, diabetes mellitus, eclampsia 
and Addison's disease. It will bo soon that the antidiuretic potency 
of the extracts obtained from the posterior pituitary glands of these 
cases was significantly higher than the mean effect exerted by the 
extracts classed as “ normal.” A higher antidiurotic activity could 
also be demonstrated in two cases of brain tumour. Finally a case 
of diabetes insipidus and one of luemochromatosis deserve attention, 
practically no antidiurotic effect was observed after the injection of 
the pituitary extract from the case of diabetes insipidus in which 
the posterior lobe appeared to be replaced by tuberculous granulation 
tissue (compare 'udth the results of control injections, table I). The 
assay in the case of luemochromatosis, in which the posterior lobe was 
strongly pigmented, also gave low results. 

Disottssion 

The antidiuretic hormone in the posterior pituitary gland was 
found to be significantly increased in diseases which are kno'wn to he 
associated with marked retention of water, such as severe cirrhosis 
•with ascites, cardiac oedema, arterial hypertension, eclampsia and 
Addison’s disease. Similar results were obtained in diabetes mellitus, 
i.e. in a condition in which abnormalities of electrolyte and water 
metabolism have been sho'wn to occur even before the onset of coma 
(Blum, 1928 ; Atchley et ahy 1933 ; Mach, 1946). In strildng contrast 
to these findings was the very low hormone content in a case of 
diabetes insipidus which is in accordance •with the recently published 
findings of Hewer and Heller (1949), and in a case of massive pig¬ 
mentary infiltration of the neurohypophysis. 

An increase of antidiuretic actmty in body fluids is said to occur 
in liver cirrhosis (Malaguzzi-Valeri and Mininni-Montesano, 1941 ; 
Ralli et al., 1945; Leslie and Ralli, 1947 ; Drill and Frame, 1948; 
Hall et al.t 1949), essential hypertension (Malaguzzi-Valeri and 
Mininni-Montesano, 1942 j Ellis and GroUman, 1949), eclampsia 
(Anselmino and Hoffmann, 1931; Teel and Reid, 1939; Ham 
and Landis, 1942), chronic nephritis (Bohn and Hahn, 1933; 
Coester, 1933-34; Robinson and Fair, 1940-41), acute hepatitis 
(Malaguzzi-Valeri et al., 1949), normal pregnancy (ICrieger and 
Kilvington, 1946 ; Colucci and Siliotti, 1948), and in hunger oedema 
(Gopalan, 1950). So far it has not been proved that these antidiuretic 
activities derive from the neuroh 5 rpophysis. In fact, the e^ddence 
is, if anjrthing, to the contrary (Ham and Landis, 1942 ; Dicker, 
1950). However, it "will be noted that the conditions enumerated 
include some in which an increased antidiuretic potency per mg. 
fresh neurohypophysial tissue could bo demonstrated, A correlation 
between the increased antidiuretic titre of body fluids and the increased 
hormone content in the gland is thus suggested. 
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RksUM’S 

Table I compares tbo antidiurctic oiTect of nouroh\*pophy6ial 
extracts -with the results obtained with the control solutions" It shows 
the high potency of the posterior pituitary extracts and the absence 


Tabt.t: I 

JMcan effect OJt water diaremfj of rats produced hi/ saline, nervous tissue 
controls and neurohypophysial e:)ctracts {for dosage see text) 
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of antiditirotic activity in Iho control extracts. Xo relation could bo 
obsorvod botwcon honnono content and sox but roinarkablo dilToroncos 
appeared when tlio post-inortom material was grouped according to 
tbo diKcaso from which tho patients bad sufTored (table II). The 

Tauu: II 


jMcan effect on vyitcr diuresis of rats produced hy neurohypophysial extracts 
from post-mortem material {/rouped acconling to morlnd conditions (for dosage 
see text) 
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“ normal ” gronp comprised glands from cases in which no 
abnormalities of tho metabolism of water had been evident. The 
causes of death in this group \vcro malignant growth, tuberculosis, 
sepsis, meningitis, abortion, loukaunia and gastric tdcor. Tho extracts 
from tho gland of such eases showed a fairly uniform activity which 
was considered as ** normal ’’ and which served as basis of comparison 
for tho results obtained in tho other groups. Tho interest of the 
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THE RETENTION OF RADIOACTIVE STRONTIOTI 
AND YTTRIUM (Sr«», Sr®° AND Y®®) IN PREGNANT 
AND LACTATING RABBITS AND THEIR OFF¬ 
SPRING 

Barbara Kidman, ^Iargabet L. Turr-j- and Janet M. Vaughan 

From the Department of Pharmacology and the Nuffield 
Department of Medicine, Oxford 

(Plate XLII) 

An investigation of the metabolism of Sr^®, Sr®® and Y®® in young 
and adult rabbits has been reported (Kidman el al., 1950). A further 
investigation of the effect of diet and of the time of injection in relation 
to delivery on the retention of the same isotope mixture in pregnant 
and lactating rabbits and their offspring is now described. Excretion 
studies, except in the milk, on the present group of animals were 
impractical owing to the presence of a nest and its contents. 

Experdiektai. procedures 
(1) The effiect of diet on retention 

The effect of diet was studied m. three groups of rabbits on the same diets 
ns previously recorded *"-(') a low calcium intake, (ii) a medium calcium intake, 
(lu) a high calcium intake {Kidman etal). It proved impossible to breed rabbits 
without giving them material with which to make a nest 3 4 days before delivery. 
In the present experiments with one exception hay was used which contains 
1 6 per cent, of calcium oxide. It was hoped to mclude a second group of low 
calcium rabbits nested on straw which has a lower calcium content of 0 6 per 
cent. Unfortunately it is extremely difficult to breed from rabbits m the low 
calcium group and only one rabbit nested on straw is mcluded here. An attempt 
to use cotton wool was disastrous as the mother ate the cotton wool and died 
with a ruptured stomach. The calcium deficient mother eats hay or straw with 
avidity and the baby rabbits start to nibble any time after the first week so 
both mothers and sucklings had a somewhat mcreased calcium mtake over a 
short period. The radiograms of the bones of weanlmg rabbits from mothers 
on a low calcium diet who had access to hay suggest that though there was 
a probable mcrease m calcium intake it had little ob\ lous effect on calcification 
(Kidman el ok). Kadiographic examination of the fmtuses also showed a 
marked difference dependent on the diet of the mother (fig. 1 ). 

* Work undertaken on behalf of the Protection Sub Committee of the Medical 
Research Council Committee on Medical and Biological Applications of Nuclear 
Physics 

f Nuffield Graduate Assistant 
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In order to tost tljo poB^jiblo offoct of the iomporarj^ provision of hay on the 
intnko of atrontlum in rabbits on a low calcium diet throe six^months-old virgin 
rabbif.s were given Imy ad lib. in mldition to tlioir oats and potatoes for seven 
beforo the intravonous injection of the routine dose of Rtrontium. They 
woro ilicn placed in motnbolism cages on the smno diet witli access to Ijay and 
killed at the end of 0 days, 

llio rabbits used for dicUiry studios were given a single injection of 
approximately 25 /ic. of the isolopo mixture per kg. body weight into the 
marginal vein of the car, in some cases with and some without carrier 9 days 
before delivery. 

(a) Pregnant rabbits. For purposes of direct comparison witli the un¬ 
encumbered adult rabbit the pregnant rabbit sbould Imvo been G months old. 
It was not always possible to rabbits of exactly tins ago owing to diiTiculty 
in Iccoping a largo onougb stock. The average ago of the pregnant rabbits 
receiving an injection 0 days before delivery was 7 months, varying from 
G-8 montlis wn'tli one exception noted in the text. All rabbits were kine<l the 
day delivery^ was oxpecle<l. In some eases the young were born tbo night 
before and s\iekbng bad occurred. This was ignores! in the rabbits injected 
0 days before delivery as tbere is evidence that excretion in the milk falls to a 
low level within 4S ho\irs of injection (Erf and Fecher, 1910). 

(h) Leictaiing rabbiffi. Rabbits u^etl for dietary studies received a single 
injection of 25 of t]>e isotope solution per kg. body weight in the marginal 
vein of the ear, in some cas<‘s with ai\d sorno without cntTier, 7 <lay 3 after 
delivery. They were killed together with th(*ir litters 0 ilays later. 


(2) Effect oj time of in;Vd*o» on retnUion 

(a) Prrgyinnt rnhhitei. Three rabbits on a medium calcium diet wore given 
100 po. per kg. or 50 dax'S beforo delivery. They had an avomgo ago of 
0 months, varying frs)m 5-7 months, fiix rabbits vaiying in ago from C-12 months 
with an average age of 7 months on different dicta receivesi an injection of 
25 ;xc. ]>or kg. 21 hours before delivery. Roth groups woro killed the day tlio 
litter was flue. Jf the Jitter ))nd Ix^en deliverer! tlio stomachs of the fcDlusos 
were dissected out and the strontium content of the milk determined. 

(b) Lactating rahhits. Two litters from normal rabbits wore transferred at 
birth to motbera injected 2R days previously with 100 /ic. of strontium and 
subsequently mated. One mother was aged 5 months and the other 5 months 
at the time of injection. Tlieir own litters were destroyed. Tho normal foetuses 
were thus suckled by mothers whoso hones eontaiucHl radioactive strontium 
and yttrium. 


(5) Excretion in (he niilh 

Eight Inctafing rabbits on a medium calcium diet wore used to study tho 
o^wcrotion of strontium in tho milk. Two t-o 10 days after delivery G of tlicso 
rabbits received a single intravenous injection of isotopo mixture containing 
approximately 15 ;ic. of si rontium per kg. bo<ly weight. They wore subsequently 
milked by hand or with nn clectrio machine for 1 tn 5 flays. No attempt to 
strip tlio rabbit at each milking was made : amounts varying from 0*5 to 2 ml. 
wero w’ithdrawn and data were expressed as the percentage of strontium 
injected per ml. of milk. After milking tho mother was roturnod to her litter 
which was reduced to 1-4 in number, except in two cases where tho litter died. 
Two rabbits wore injected 58 days before delivery with solutions contaiiiing 
approximately 100 /ic. of strontium and tho strontium content of their milk 
was estimated after dolivcr>\ In three instances beforo skill in milking had 
been achieved ono or more doses of extract of tho posterior loho of tho pituitary 


PlltMT >LTI 
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(a) Full term ffctns mother fetl on n 
merlnim enlcjum diet 


(t) Full term footus mother A I on 
a low talnum diet 
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(a) 22 tiny old fcetus mother fed on 
a medium calcium diet 
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(I*) 20 dnj old fret 113 mother fed 
on a medium calcium diet 
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were given. In two of tho rabbit*? blood samples were taken at the same tirao 
as milk samples. Blood samples wore also taken from 4 non-lactating rabbits 
after injection. 

(4) Preparation of eamplca and vicasurcmcni of radioactive elements 

Tho bones of mothers and sucldings wore dissected out and dissolved in 
concentrated nitric acid os previously described (Kidman et ah). Tho fcotusos 
were dissolved in a similar manner. The strontiura content "was oppressed per 
whole litter, per individual foetus and, when tho foetuses wore weighed, per g. 
of foetus. In tho caso of tho milk 0-1 ml. was measured on to a nickel Bpecimen 
disc and dried over a water bath. Ono to fivo such samples wore taken from the 
milk obtained at any one time and the activity measured with n G.E.C. counter 
typoG.M. 4, tho average figure being recorded. In one scries parallel estimations 
were mode using diluted milk in a tj'po 51, 6 counter (Voall, 10481. This may 
prove tho more satisfactory technique but in tho present paper only tho results 
with tho dry method are recorded. 

Blood was withdrawn from tho marginal vein of tho car, diluted with distilled 
water and activity estimated in a liquid counter typo M. 0 (Vcall). 


(6) Estimation of radioactive elements 

Tho methods used for estimation of radioactive strontium and yttrium 
in tho biological material wore tho same as those described by Kidman et aU 
In tho earlier experiments of which a preliminary report has already been 
published (Tutt and Vaughan, 1949) tho importance of allowing material to 
reach radioactive equilibrium for a correct estimation of strontium content 
was not appreciated. These results are not included hero. 

Coimts were made ns soon os possible after collection of samples and again 
after radioactive equilibrium was reached on all samples except tho blood of 
rabbits 73 and C8 which were measured only once shortly after withdrawal. 
Tlie decay curves on tho blood of rabbit 257 and rabbit 284 showed that tho 
maximum change in activity was only 20-30 per cent,; therefore it appears 
justifiable to include all tho data on blood lovols. 


Results 

Retention of strontiura 

(n) Rabbits on a loio calcium diet given access to hay 

Tho threo virgin rabbits on a low calcium diet given access to hay 
for 7 days before injection and subsequently for 9 days had a mean 
retention of 20*9 per cent, of tho strontium injected. The mean 
excretion in the urine was 33*8 per cent, and in the fceces 32*9 per cent. 
The moan total recovery was 87*5 per cent. As previously reported, 
"virgin rabbits of the same ago on a low calcium diet without access 
to hay retained 67*7 per cent, of the strontium injected, excreting 
only 5‘6 per cent, in their urine (ICidman et al.), 

(b) Pregnant mothers 

(i) Injection 38-50 days before delivery. Two rabbits on a medium 
calcium diet injected 38 days before delivery had a mean retention 
of 12*1 per cent, of tho injected dose and 0-06 per cent, per g. of bone. 
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One rabbit injected 60 days before delivery had a retention of 7*4 per 
cent, of the injected dose, representing 0‘03 per cent, per g. of bone 
(table I). 

(ii) Injection 9 days before delivery. The strontium retained by 
pregnant rabbits injected 9 days before delivery on a low calcium 
diet was 36-3 per cent., on a medium calcium diet was 12‘8 per cent, 
and on a high calcium diet was 10-2 per cent, of the strontium injected 
(table I). The retention per g. of bone was 0-2 per cent, on a low 

Taulu I 


Effect of diet and time of injection on the retention of 
radioactive .slronthim in pregnant rabbits 
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calcium diet, 0'07 per cent, on a medium calcium diet and 0-05 per cent, 
on a high calcium diet. 

(iii) Injection 24 hours before delivery. When the injection was 
made 24 hours before deliver}’’ the average retention in the bones 
of the mother on a medium calcium diet was 14'3 per cent., and on 
a high calcium intake Avas 13'8 per cent, Onl}’ one mother on a low 
calcium diet Avas available and she aa'us 12 months old. Retention 
was 28-8 per cent, of that injected. Retention per g. of bone was 
0'16 per cent, on a Ioaa’ calcium diet, 0'07 per cent, on a medixun 
calcium diet and 0'08 per cent, on a high calcium diet (table I). 

(c) Fostnses 

(i) Injection, of mother 38-50 days before delivery. The mean 
retention in the litter of two mothers injected 38 days before deliA’ory 
was 0-03 per cent., the mean retention per foetus AA-as 0-005 per cent, 
or expressed per g. of foetus 0-0002 per cent. The retention in the 
litter of a mother injected 60 days before delivery was 0-04 per cent., 
0-005 per cent, per foetus or 0-00015 per cent, per g. (table II). 
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(u) Injection of mother 9 days before dehtery The litters from 
mothers m]ected 9 days before deln ory on a low calcium diet contained 
a mean of 2 4 per cent of the mjectod dose, on a medium calcium 
diet 0 78 per cent and on a higli calcium diet 1 1 per cent If retention 
IS expressed per foetus on a lo^ calcium mtako each foetus retained 
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1 26 per cent of the injected dose, on a medium calcium intake 
0 2 per cent, and on a high calcium mtako 0 18 per cent On a medium 
and high calcium diet the amount rotamod per litter was affected by 
the number m the htter, bemg greater the larger the htter. The 
number of fmtuses in the low calcium htters never exceeded two so 
no conclusions on the effect of htter size on total retention in this 
group can be made (table H) 

(m) Injection of mother 24 hours before delivery Retention m 
the foetuses from mothers injected 24 hours before doh\ ery exclusive 
of what was found m the stomach was greater than in those mjocted 
9 days before deh\ery On a low calcium intake one htter retained 
4 2 per cent of the mjected strontium, on a medium calcium mtako 
two htters retained an average of H 3 per cent and on a higli calcium 
mt-ike the moan retention m three htters was 5 7 per cent Expressed 
per foetus the mean retention on a low calcium intake was 4 2 per cent, 
on a medium calcium mtake 1 5 per cent and on a high calcium mtako 
1 3 per cent The amount m the foetal stomachs varied from 0 3 to 
0 6 per cent of the mjected dose (table 11) 

In some cases the percentage retamed per g of foetus was also 
compared with the percentage retained per g of maternal tissue, with 
a View to determmmg whether there was any concentration in the 
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foetus. The retention per g, of tissue of the foetuses of mothers injected 
24 hours before delivery was greater than per g. of the mothers’ tissue 

Tault: III 


Mean values for percentage of strontium retained expressed per g. of 
whole (issue in mother and feclus 
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(tablo III). TJ)is wns not iho enso in tho fcotiisos of inotbors injected 
9 days or 38 days before doKvor 3 \ 


(d) Laclating vioiJters 

(i) Injected 7 days after delivery, Tho moan retention of injected 
strontium in three lactating rabbits on a low calcium intake with 
access to liay was 13-4 por cent. When straw, which has a lower 
calcium content, was substituted for hay in one rabbit tho retention 
was 2G'l por cent. On a medium calcium diet tho moan retention was 

TAunn IV 


Jlctc)i(io7if in lactating rabbits on different dirts, of radioactive strontium 
injected before and after delivery 


Time 

Carrier 

rerrentaffe of Injected strontium retained 
in bone 

percentAKi* oflnjeetcd 
fit root him retained 
per R. of bone 

of injection 

Xo. 

in Utter 

Low* 

calrium 

diet 

Xo. 

In Utter 

Medium 

r-njrjum 

diet 

Xo, 

In Utter 

niRh 
rale In in 
diet 

T.OW 

calcium 

diet 

^^ed^um 

calcium 

diet 


7 dnys nftor 

-f 

4 

17*1 

G 

G*4 

4 

8-0 

0*09 

0*03 

0*04 

doll very 

-f 



3 

0-6 

8 

2*9 

... 

0*03 

0*01 

0 

3 

9*3 

o 

0*9 

3 

6*5 

0*05 

0-03 

0-03 


0 

5 

13*9 

t ■ < 

... 

... 

... 

0*08 

... 

... 



3 

26*1 


... 

... j 

... 

0*15 

... 

... 

38 dnj’B 



I 

! 


! 

1 

j 



0*04 


boforo 


... 

»•. 

fostor2i 

8*4 ! 

... ] 

... 

... 

... 

delivery 

-f i 

1 

••• 

... 

4 

i 

12*2 

1 

1 


... 

O-OG 1 

m 


• Nested in fctmw. 


6*6 per cent, and on a high calcium diet 5*7 per cent. Results expressed 
as percentage retained por g. of bone were 0*07 for rabbits on a low 
calcium diet with access to bay, 0*15 for tlio rabbit with access to 
straw, and 0-03 for rabbits on a medium and a high calcium diet 
(table IV). 
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(U) Injected 38 days before delivery. Tho mean retention in two 
rabbits, aged 6-6 months used as foster mothers, on a medium calcium 
diet and injected 38 days before delivery and lolled 9 dayB after delivery 
was 10*3 per cent, or 0-05 per cent, per g. of bone (table IV). 


(e) Suckling rabbits 

(i) Mother injected 7 days after delivery. Tho strontium retained 
by suckling rabbits on a low calcium diet with hay available varied 
considerably. In three litters retention varied from 30*7 to 14*2 per 
cent.; it did not appear influenced by the size of tho litter ; the mean 
retention was 20*7 per cent, or 0*22 per cent, per g. of bone. In the 
on© litter where the mother was nested on straw tho percentage 
retention in the sucldings was 12*7 only, i.e. loss than that of rabbits 
nested on hay. The percentage per g. of bone was 0*3 wliich, though 
greater than the mean retention when hay was given, is no greater 
than in one of the litters. On a medium calcium intake tho suclding 
rabbits retained 10*5 per cent, and on a high calcium intake 12*7 per 
cent, of tho injected strontium. Tho percentage retention per g. of 
bone was 0*10 per cent, on a medium calcium diet and 0*09 per cent, 
on a high calcium diet (table V). 

Table V 


Retention of radioactive atrontiwni in. suckled rabbits on different diets, 
when the mother was injected before or after delivery 


Time 

of injection 

Of mother 

Carrier 

percentage of injected strontium retained 

In bones of litter 

Percentage of injected 
strontium rcUlned 
per g, bone 

No. 

In Utter 

Low 

calcium 

diet 

No. 

In litter 

Medium 

calcium 

diet 

No. 

In Utter 

High 

calcium 

diet 

Low 

calcium 

ciet 

Medium 

calcium 

(Uet 

nigh 

calcium 

diet 

7 days after 

+ 

4 

30-7 

6 

16-0 

4 

16*6 

0*33 

0*11 

0*12 

delivery 




3 

7-2 

8 

9*3 


0*OG 

0*05 


0 

3 

14-2 

2 

9*4 

3 

12-2 

0*16 

0*13 

0*10 


0 

5 

17-1 





0*17 




+* 

3 

12-8 





0*30 



38 days 











before 

+ 



2 

0‘3C 




0*007 


delivery 

+ 



4 ' 

016 

i 



0*002 



* Nested in straw. 


(ii) Lactating foster mothers injected 38 days before delivery. The 
mean retention in the sucklings of two litters who were fostered on 
mothers injected 38 days before delivery and killed nine days after 
birth was 0*26 per cent, of that injected or 0*005 per cent, per s. of 
bone (table V). 
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Excretion of injected strontium in the mdllc 

(a) Moilicr injected 38 days before delivery 

The activity of a sample of milk withdraum two to three days 
after delivery from two rabbits injected 38 days before delivery was 
so slight as to bo only just above background and no accurate estimate 
of the strontium content could be made. The activity of the blood 
withd^a^vn from rabbits 50 days after injection was so low that 
calculation of the strontium content was not justified. 

(b) Mother injected 2-10 days after delivery 

In rabbits numbers 235 and 257 tlie litters died before miUdng 
began. The other four rabbits wore returned to their litters from 
time to time. 

Tadlu Y1 

Percentage of injected stronthnn hi niilk and blood of 
individttal rabbits 


Time nflcr 
Injection 

rercentape of Injnrted Ftrontiiim i>er ml. of milk 
in intlividuni mbhlU 

iVrrcntapvJ oflnjecterl ftrontium 
per ml. of blood 

m 

237 

25S 

232 

m 

294 

i[Q|| 

254 

73 

r>3 

5 minutes 





... 


0*17 




10 

... 

... 

... 

.«, 

0-0053 

... 

... 

o*n 

o-io 

o-io 

10 rains .-1 hr. 

... 

... 


O'OlO 


0*0052 

... 


... 

... 

1-2 hrs. 

0 - 021 *^ 

... 



0-035 

0*014 

0*044 ... 

0*6*45 


... 

2-3 „ 


• >, 

0-091" 

0*020 

0*007 

0*008 

0-039 

0*029 

0*058 

0*04i 

3-4 „ 

... 

... 

... 

... 

0*085 

0*047 

0*050 

0*025 

... 

... 

4-5 „ 

0-033 

0-4 

>. • 

o*on 

0*085 

»,» 

0*014 

... 

0*0005 

0*01 

5-0 

. . > 

... 

0*12 

0-008 

... 

0*059 

... 

0*011 


0 - 00 ( 

0-7 „ 

0 * 000 *' 

0-30" 

... 

• 4 • 

... 

... 

0*0087 

... 

... 


7-8 „ 


« * • 

0*21 


0-0S7 


... 

... 



8-0 „ 1 

... 

... 

... 

... 

0*080 

0-002 

0-00G7 

0*0057 

0 * 6*607 


9-10 „ 



... 

... 

... 

... 

... 

... 

... 


10-11 „ 

0-059’’ 

9 

1 

1 0*007 

99 9 


... 

0*0029 

0*0059 


11-12 „ 



■ ... 

i 

0*077 

1 , , ^ 

0*0022 


0*0050 


24 hrs. 

o-o-io” 

0 -lCPP 

0*070 

0*004 

0*077 

0-030 

0-00095 

... 

0*0011 


30 ! 

0-050" 

0*13*’*’*'*’ 

0*057 

0*050 

... 

... 


... 

... 


48 „ 

O-OtO" 

pprjt 

0*034 

... 

... 

... 


**• 

... 


54 „ 

0 - 022 " 

... 

... 

.. * 

0*057 

: 0*0087 


... 

... 


72 „ ! 

0-02G". 

0-030*'*’ 

... 

0*030 

... 

... 


... 

... 


78 „ 



0*019 


1 


... 

... 


90 „ 

0-023" 



; 0*018 


... 



... 

1 

120 ' 


... 

1 0*0057 

... 


... 


... 

... 

1 

1 


= 50 milli units posterior lobe of the pituitary extract given before milking. 

No, 235. Milking started 6 days after delivery when litter died. Machine used. 

No, 237. IMilking started 10 days after doUvory, Machine used. Two sucklings loft, Kab 
died suddenly. 

No, 258, ^lilking started by hand 2 days after delivery—3 Buddings. 

No, 232. Milking started by hand 3 days after delivery—2 sucklings. 

No, 257. Xklilking started by hand 4 days after delivery—sucklings died. 

No, 284. jMilldng started by hand S days after doliv^ery—1 sudding. 

Great difficulty was experienced in obtaining millc with the 
machine ; injections of extract of posterior lobe of the pituitary were 
given to three rabbits. Hand milldng proved far more satisfactory 
and after its introduction no further pituitary extract was needed. 
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A liigli percentage of the injected strontium appeared in the millc 
in rabbit number 237 {table YL; fig. 2) which received pituitary extract, 
the maximum of 0*41 per cent, being found 3-4 hours after injection. 
An e^:pretion of 0-21 per cent, was found in rabbit number 258 
7-8 hours after injection, a single dose only of pituitary extract ha-vdng 
been given in this case. In the other 4 rabbits a much lower excretion 


ExCUKTION or STRONTIUM IN THE MIUC OT HABDITS fOLLOWINO 
INXnAVrNOUS injection 



Pio. 2.—^Tiio level of radioactive strontium in the milk following intravenous 
injection of a single dose, 

of fitrontium was noted, the peak occurring within 8 hours of injection. 
By the third day the level was never greater than 0*04 per cent, and 
by the fifth day had fallen to 0*0057 per cent. The percentage of 
strontium in the blood following injection fell rapidly both in laotating 
and non-lactating rabbits (fig. 3). Pive minutes after injection 1 ml. 
of blood contained 0*17 per cent, of the injected dose, after one hour 
it had fallen to 0*04 per cent, and after 4 hours to 0*01 per cent. 
Twelve hours after the injection it was 0*002 per cent. 
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Excretion of injected strontium in the rniiir 

(a) Mother injected 38 days before delivery 

Tfie activity of a sarapio of miiic witfidravTi two to thre6 days 
after doliverj'- from two rabbits injected 38 days before debvery was 
so slight as to bo only just above background and no accurate estimate 
of the strontium content could be made. The activity of the blood 
udthdrawn from rabbits 60 days after injection was so low that 
calculation of the strontium content was not justified, - 

(b) Mother injected 2-10 days after delivery 

In rabbits numbers 235 and 257 the litters died before milking 
began. The other four rabbits wore returned to their litters from 
time to time, 

TAimr, VI 

Percentage of injected strontinm in jnilk and blood of 
iynJividiml rabbits 


Time sflcr 
Injection 

I^ereontAKC of InJfctiMl strontium per ml, of milk 
la imllvldunl rabMt’^ 

IVrcentnKC of Injoclod rtrontlum 
jwr ml. ofblotKl 

no 

■1 

ns 

Dl 

mm 

294 

m 

2S4 

73 

r>3 

6 minutes 







0'17 


... 



. *» 


... 

... 

0*0053 

^ » 


o*ii 


0‘i9 

10 mins.-1 hr. 


... 

... 

0*016 

... 

0-0052 


... 



1-2 hrs. 

0 -021<’ 


... 

... 

i < ium 

0-014 

0*044 ... 

0*015 

... 

... 

2-3 „ 



0 *001^ 

0-025 

i ji|w 

0-008 

0-030 



0*045 

3-4 „ 

... 


... 

... 

i 1^9 

0-017 

0*050 


... 

... 

4-5 „ 

0-033 

O-lirrj-j 

... 

0-041 

A 


0-014 



0*01 

6-0 „ 

... 

... 

Cl 

o 

o-oos 

«.» 

0-050 



... 

0*009 

G-7 „ 

0 *000^' 

0-30*^ 

... 


... 


0*0087 


... 

... 

7-S „ 



0*21 

... 

0*087 




... 

.*« 

8-9 „ 


... 

... 

... 

0*080 

0-052 

0*0007 



... 

9AO ,, 


... 

... 

... 

... 

... 

... 


... 


10-11 

O-OsOf 

... 

... 

0*067 

... 


« * • 


nsiijgy 


13-12 „ 


• * • 

... 


0*077 


0-0022 



... 

24 hrs. 

0-045'’ 

O-IOPJ? 

0*070 

; 0*004 

0*077 

O-OTO 

0*00005 




30 

0-050'’ 

0*13*^p^p 

0*057 

, 0*050 

•«> 





... 

48 „ 

0-040'’ 

j>rpp 

0*034 

... 

♦ •. 


... 




54 „ 

0 -022'’ 

... 

... 


0*057 

0-0087 

... 




no 

• tf 

0-02G'’ 

0-039P*’ 

... 



... 

... 




78 

• • • 




... 

... 

... 

... 



96 „ 

0'023»‘ 

... 

... 

O-OIS 

... 


... 




120 „ 

... 

... 

0*0057 


... 

... 

... 

... 

... 



= 60 milU units posterior lobo of tho pituitnry oxtrfict given boforo milking. 

No, 235, Milking started 5 days after delivery when litter died. Machine used. 

No, 237, Milking started 10 days after delivery, ^Inohino used. Two sucklings loft. KabI 
died suddenly. 

No, 268. Milking started by hand 2 days after delivery—3 sucklings. 

No. 232. Milking started by hand 3 days after delivery—2 sucklings. 

No. 257. Milking started by hand 4 days after delivcry-^sitcklings died. 

No. 284. Milking started by hand 8 days after delivery—1 suckling. 

Great difficulty was exporionced in obtaining any milli with the 
machine ; injections of extract of posterior lobe of the pituitary Avere 
given to three rabbits. Hand milldng proA^cd far more satisfactory 
and after its introduction no further pituitary extract was needed. 
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(b) Rabbits injected 9 days before delivery 

In rabbits injected 9 days before delivery, present from injection, 
9 days previously, can bo neglected at the time of death. In the 
mother's bones and in the foetuses, Sr®o and ^oro very approxi¬ 
mately in equilibrium, 

(c) Rabbits injected 24 hours before delivery 

In rabbits injected 24 hours before delivery, in the foetuses 
as well as in the mothers’ bones was very approximately in equilibrium 
with Sr®®. Decay curves done on two placentas showed a concentration 
of Y®® greater than that of Sr®®, 

(d) Lactafing and Suckling rabbits 

The bones wore not in complete radioactive oqrulibrium when 
removed from the body. The differences observed were, however, 
too slight to allow of accurate calculation of the yttrium content. 
The figures suggest that the percentage of yttrium present is approxi¬ 
mately the same as that of strontium. 

(e) Blood 

Samples of blood were not in radioactive equilibrium when 
withdrawn. It has not proved possible to calculate the yttrium 
content by the decay curves method (ICidman el al,) as A.E.B.E., 
Harwell has been unable to ^ve figures for the relative proportion 
of Sr®® and Sr®® in the particular solution used in this experiment. 
The maximum differences between the initial count and that obtained 
after 20 days when equilibrium was established was not more than 
20-30 per cent. 

Discussion 

As in adults and weanlings the retention of strontium by pregnant 
and lactating rabbits and their offspring is affected by diet, being 
greater in a rabbit on a diet low in calcium than one high in calcium. 

Radioactive strontium passes through the placenta to the foetus 
in rabbits as it does in mice (Einkel, 1947), and through the milk. 
The source of this strontium is probably twofold, (i) from the strontium 
stored in the maternal bones, (ii) from the injected strontium circulating 
in the blood in the case of animals injected late in pregnancy or during 
lactation. 

The fact that the mean retention in non-pregnant six-months-old 
rabbits on a medium calcium diet is 17-1 per cent, while that of 
pregnant rabbits is 12*7 per cent., suggests that some may pass from 
the bones to the foetus. The amount transferred from the maternal 
bones is, however, small. The mean figure for the strontium content 
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of the bones of the mother on a medium calcium diet and injected 9 days 
before delivery nvas 12-7 per cent, wliile the mean figure for the bones 
of mothers injected 3S days before delivery Avas approximately the 
same, 12*1 per cent. The mothers in the latter gi’oup had clearly lost 
little to their litters as is proved by analysis of the strontium content 
of the litters. In the case of mothers injected 9 days bofoi'C delivery 
the litters^ content of strontium was 0*8 per cent, wliilo in the Jitters 
of mothers injected 38 days before deliver}" it was 0*03 per cent. 
These figures suggest that pregnancy docs not lead to any dramatic 
mobilisation of strontium from the skeleton. Strontium given to the 
mother late in pregnancy passes to the foetus presumably from tliat 
circulating in the blood immediately follo^ng injection. There is a 
rapid fall from a level of approximately 17 per cent, per 100 mb 
5 minutes after injection to 4*4 per cent., per 100 ml. at the end of 
1 hour and 0*1 per cent. i)or 100 ml, at 24 liours. Forty-four clays 
after injection the circulating blood contained only a trace of radio¬ 
active strontium which could not be measured accuratol 3 ^ 

The amount retained by the foetus is greater the later in pregnancy 
the injection is given. Tho moan figure for retention per foetus when 
the mother was injected 9 clays before deliver}" was oidy 0*2 per cent, 
compared with 1*5 per cent, when injection of the mother occiuTcd 
24 hours before delivery. Observations on the rabbit here again 
agree with those on tho mouse (Finlcel). This is presumably associated 
with tho activity of calcification. Calcification is recorded as being 
found on section of tlio embryo on tho IGth day (Minot and Taylor, 
1905 ; Bramboll, 1949, personal communication). It is present as 
shovTi by X-ray examination 11 days before do]ivon^% ix, on tho 
20th day: it is mucli more advanced 24 horn's before delivery. It 
is not possible to detect it by X-ray technique on the ISth day {fig. 4). 
It is not surprising therefore that if an injection is given 24 liours 
before delivery the retention of strontium is greater tlian if it is given 
9 days before delivery. There is in fact actual concentration in fcetal 
tissue when tho motliers are injccied 24 liours before dclivei^" (table III). 
Tho maximum concentration in tho blood in this case coiTCsponds 
with a higher demand on tho part of tho bones for minerals. In 
rabbits injected late in pregnancy it is probable that tho gi'eater part 
of the strontium in tho foetuses has come from the blood immediately 
following the injection, but some has possibly also been dra^vn from 
the mother’s bones since these contain less than those of virgin 
rabbits of approximate!}" tho same ago and on the same diet. 

The numbers in the present experiments arc small but the retention 
in litter and mother together appears, with tho exception of tho high 
calcium group, to be rather loss than in the non-pregnant animal. 
Tliis is particularly noticeable in tho low calcium gi'oup, differing 
slightly from the observations of Finkel on mice. She considered 
that the amount of retained immediately after delivery was the 
same as that retained by virgin adult mice at a comparable time 
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interval after injection. Slio suggested that a portion of the material 
that would have been excreted was lost through the placenta. The 
observations here suggest that some of the strontium that would have 
been in the mother’s bones had passed to the litter through the 
placenta. 

It may be objected that in many cases the foetuses of mothers 
injected 24 hours before delivery had mUk in their'stomachs and 
had therefore absorbed some of tlie strontium in their bones from tliis 
source. This is theoretically correct, though it is perhaps doubtful 
whether much could be gained. !Milk found in the foetal stomach had 
a maximum strontium content of O'C per cent, and in one group the 
amount retained per foetus in two litters was not greater in the foetuses 
that had milk in the stomach than in the foetuses of one litter that had 
not. It appears reasonable to conclude that, irrespective of the stron¬ 
tium in tlie millt that was available to some litters, more strontium was 
retained by the foetus when the mother was injected late in pregnancy. 

The total amount retained per litter appears, in the small number 
of results recorded, to bo affected by the size of the litter, being greater 
the bigger the litter. The amount retained per foetus is affected by 
the diet of the mother. Tlie foetus of the mother on a low calcium 
diet retains six times as much as the foetus of the mother on a medium 
or high calcium diet when the injection is given 9 days before delivery 
and three times as much when the injection is given 24 hours before 
delivery. 

There is evidence that yttrium as well as strontium passes across 
the placenta. The fact that was approximately in equilibrium 
with Sr®“ in the bones of foetuses whose mothers wore injected 24 hours 
before delivery shows that Y®® must have passed through the placenta, 
since even assuming that all the Sr®® in these foetuses was deposited 
within an hour of injection only 50 per cent, of the equilibrium 
concentration could have been restored. There is no strildng differential 
excretion of Y®® since Sr®® and Y®® were in approximate equilibrium 
in all the foetuses examined : Y®® was therefore as dangerous to these 
young animals as to the older animals already studied. 

It is not easy to interpret the effect of diet on retention of strontium 
in lactating rabbits and their offspring owing to the presence of 
factors wliich were not present in the animals previously studied. 
For instance, the lactating mothers and their sucldings on a low calcium 
diet had a sudden and uncontrolled additional source of calcium 
available from the hay of the nest during the period of lactation. 
Further the strontium foimd in the suckUngs may have come in part 
from that injected into the blood stream and teaching the milU; directly 
and in part from that subsequently liberated into the blood stream 
from the bones. Some of these complications might be analysed by 
further experiments designed for this purpose but it is doubtful 
whether the additional clarification would justify the labour involved. 

It is clear that retention of strontium by the suckling and lactating 
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rabbit is affected by tbe diet of the mother when the strontium is 
injected during lactation. The lactating rabbit on a low calcium diet 
and nested on straw which is poor in calcium retained twice as much 
as when nested on hay and five times as much as the rabbit on a high 
calcium intake. An increased retention in the low calcium sucldings 
per g. of bono was also apparent. Suckling rabbits as a whole retained 
considerabty more than their mothers. This is remarkable when 
it is remembered that in the case of sucldings the strontium was 
absorbed from the alimentary canal. Absorption of strontium from 
the stomach and intestine is not so efficient as absorption from the 
blood stream though evidence about the degi-ee of intestinal efficiency 
is conflicting. Hamilton (1948) in early work with adult rats reports 
that 15 per cent, or less of orally admmistered radio-strontium was 
absorbed tlirough the gastro-intestinal tract. Later he states that in 
rats 5-GO per cent, of the dose administered by mouth is absorbed 
without giving information about age and diet (Hamilton, 1947). 
Copp et al. (1947) also report a high retention of the order of 70 per 
cent, following oral admmistration to young rats on a low calcium diet. 
Scott et al. (1947) on the other hand state that in rats onl}'- about 
15 per cent, of orally administered radio-strontium is absorbed. The 
effect of age of the mother at the time of lactation on retention in 
the suclding was not investigated in detail—a few scattered observa¬ 
tions suggest that it was insignificant. Lactating mothers injected 7 
days after delivery irrespective of their diets had a smaller retention 
in their bones than virgin rabbits. This was most noticeable in 
rabbits on a low calcium diet and may bo in part o.vplainod by the 
fact that lactating rabbits on such a diet had access to hay wliilo their 
virgin controls had not. The retention of strontium in virgin rabbits 
on a low calcium intake given access to hay for a comparable period 
was also much loss than in those wliich had no liaj^ The fact that 
the lactating mothers wore two months older than the controls should 
not alone account for this difference. An 18-months-old rabbit 
retained more than an 8-months-old lactatmg rabbit. Tlio virgin 
6-7-months-old rabbit on a medium calcium diet retained an average 
of 17-1 per cent, in its bones while the lactatmg 8-months-old rabbit, 
injected after delivery, retained an average of C-G per cent. (Ifidman 
et al.). Tliis difference suggests that strontium was to some small 
extent withdrawn from the bones into the millc wiien the strontium 
was given after doliv^ory, and had only recently boon taken up by tho 
bone. On tho other hand tho young of rabbits injected before 
pregnancy contain only traces of strontium and fostered sucklings 
nursed by mothers injected before pregnancy also contain Httlo 
strontium, suggesting that strontium which has been long in tho 
bono is mobilised slowly. Tho form in which strontium is present 
in the bone at different times following injection requires further studj'. 

It is difficult to compare the present figures for strontium excretion 
into the milk with those obtained by Erf and Pecher (1940) in cows. 
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Tho COWS were complotoly stripped of milk at each milking and the 
total strontium excretion could therefore ho estimated. It was 
impossible to strip the rabbits at each milldng and only one (no. 532) 
had a litter that survived the whole experiment. Tho results can 
only be given per ml. of millc and the milk expressed in any sample 
may have been long in the mammary tissue. The shape of tho curves 
of excretion of strontium in the milk are variable, but in all there 
appears to be a considerable flattening of the curve after tho first day. 
The strontium in the later samples may have come from that secreted 
in the first few hours into tho milk which was then stored in the 
mammary tissue. It is noticeable, however, that similar results were 
obtained from the milk of rabbit no. 232 wliich retained her litter, 
and who may have been stripped, as from the milk of mothers whose 
litters died. In two animals there was an appreciable peak of excretion, 
in the other three this was much less noticeable. The two animals 
with a peak both received pituitary extract, but a third animal 
(no. 235) who received large doses of extract showed a low excretion. 
Owing to tho many variables present, too much stress should not 
bo laid upon the absolute values of excretion obtained. It can be 
concluded only that strontium is excreted into the milk following injec¬ 
tion into the blood stream after delivery, a maximum excretion being 
reached within 8 hours. There is clearly a considerable risk of the 
passage of radioactive strontium to the offspring of lactating rabbits 
from the intake of a single dose by the mother during lactation. The 
risks of mobilisation and transmission of strontium laid down in small 
amounts in the bones before pregnancy are loss, though the effects 
of such chronic poisoning on fertility and survival of tho litter cannot 
be overlooked (Finlcel). 

SUMMABY 

1. Experiments are described on the retention of strontium and 
yttrium in pregnant and lactating rabbits and their offspring. 

2. Radioactive strontium injected into the pregnant rabbit before 
delivery passes through the placenta to the litter, tho amount retained 
being related to the time of injection, tho diet of the mother and the 
size of the litter. 

3. The strontium in the foetus is derived to a small extent from 
that stored in the maternal tissues. Pregnancy does not result in 
any dramatic mobilisation of strontium from the mother’s bones. 
If the mother is injected late in pregnancy appreciable amounts of 
the injected strontium circulating in the maternal blood are taken 
up by the actively calcifying foetal skeleton. 

4. The pregnant rabbit on a low calcium diet retains less than 
the virgin rabbit at a comparable period after injection. On a high 
calcium diet the difference is insignificant. 

5. The lactating rabbit retains slightly less strontium and X®® 
produced by the decay of Sr^® than the pregnant or virgin rabbit 
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of the same age and in the same diet group. The lactating rabbit 
on a low calcium intake retains approximately twice as much as the 
rabbits on a medium and high calcium diet. 

6. Strontium injected into the lactating rabbit passes through 
the milk to the sucHing. Sucklings of mothers on a low calcium diet 
retain more than those on a higli or medium calcium diet. 

7. Strontium stored in the bones before pregnancy is mobilised only 
in insignificant amounts during lactation. 

8. The peak of excretion of strontium in the miUr follouing an 
intravenous injection occurs when the level in the blood is low. 

9. The retention of yttrium appears to be roughly proportional 
to that of strontium in pregnant and lactating rabbits and their 
offspring. 

Wo should like to express our thanlcs to Professor J. H. Bum, whoso constant 
lielp and encouragement has mndo this work possiblo, and to many members 
of tho staff nt A.E.R.E,, HarwelU We are also grateful to Dr Henry for the 
use of her electric milking machine. One of us (J. V.) lias an ox]5cnsc3 grant from 
the ^ledical Research Council. Wo aro also indebted to tho Hrcmaiological 
Research Fund endowed by tho Nuffield Foundation. 
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A mSTOCHEMICAL AND BIOCHEIMICAL STUDY OE 
SOiME EFFECTS PRODUCED BY THE ROUS 
SARCOMA UPON THE ENDOCRINE ORGANS OF 
COCKS AND HENS 

D. B. Gates 

rrom the Department of Pathology^ Vnivcfsity of Cambridge 

(Plates XLni-XLVI) 

The isolation from the urine of cancer patients of abnormal steroids 
(Butler and Marrian, 1937, 1938 ; Dobrinor ei aLj 1944) suggests the 
possibility that tumour tissue might produce by-products of a steroid 
nature which would affect the functions of the endocrine organs. 
The steroid-producing organs are easily influenced by injected steroids 
and show great physiological interdependence. It therefore appeared 
logical to examine them for changes in the tumour-bearing animals. 
Some work along those lines has already been done. Ball and Samuels 
(1938) found evidence of adrenal hypertrophy in tumour-bearing rats : 
this was prevented by hypophysectomy. Dalton and Peters (1944-45) 
found lipoid depletion of the adrenal cortex in mice with trans¬ 
plantable carcinomata, leuka3mia Y 103 and sarcomata. It was 
noted that in the case of the transplantable sarcomata, the loss of 
lipid from the adrenal showed no correlation with the degree of 
necrosis of the tumour, which suggested that the mere presence of a 
large mass of actively growing tumour tissue might be capable of 
stimulating the release of cortical lipids. This effect was more easily 
seen in male mice because they had less cortical lipid than the females. 
Dalton and Peters used several different tumours but concentrated 
their study upon only one endocrine organ. I have used only one 
tumour but have studied several of the sterol-producing organs in an 
attempt to get a more complete endocrine picture. 

The earliest experiments in the present investigation were made 
by transplanting tumours on to the chorio-allantois of embryo chicks, 
a technique which has the advantage that a number of difibrent 
tumours, including those from different species, can be grown. Rous 
sarcoma, Jensen rat sarcoma and a seminoma from a human patient 
were all successfully grown. It was also argued that the chick embryo 
with its fuU complement of immature, labile and rapidly developing 
endocrine organs should form good biological material for steroid 
analysis. This material, however, suffers from two great disadvantages, 
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of the same age and in the same diet group. The lactating rabbit 
on a low calcium intake retains approximately twice as much as the 
rabbits on a medium and high calcium diet. 

6. Strontium injected mto the lactating rabbit passes through 
the milk to the suclding. Sucldings of mothers on a low calcium diet 
retain more than those on a high or medium calcium diet. 

7. Strontium stored in the bones before pregnancy is mobilised only 
in insignificant amounts during lactation. 

8. The peak of excretion of strontium in the millc following an 
intravenous injection occurs when the level in the blood is low. 

9. The retention of yttrium appears to bo rougldy proportional 
to that of strontium in pregnant and lactating rabbits and their 
offspring. 

Wo should like to express our tlmnlcs to Professor J, H. Burn, whoso constant 
help and oncouragemont has made this work possible, and to many memhors 
of the staff at A.E.R.E., Harwell. Wo are also grateful to Dr Henry for the 
uso of her electric milking machine. One of us (J. V.) has an expenses grant from 
the jMedical Research Council. Wo aro also indebted to tho Hrematological 
Research Fund endowed by tho NufTiold Foundation. 
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feeding, etc. The Ijirds came to autop'^y 3 weeks after injection, when they had 
nearly always grown large tumours, but before marked signs of constitutional 
disturbance had set in. Wo wore anxious to avoid changes which might appear 
merely in moribund birds. 

The birds wore killed by cervical dislocation and the ovaries, testes, adrenals 
and preen glands were removed immediately after death. Each organ, 'was 
divided and one part placed in a test-tube cooled in a freezing mixture and 
then kept in the —20® 0. refrigerator imtil it could bo analysed for nscorbic-ncid 
content. Tlie other part was frozen on a plate cooled with CO 2 snow and cut 
into slices 1-2 mm. thick which wore placed in tho following fixatives for hi^to- 
chemical examination. 

For ascorbic acid, the method of Barnet and Bourne (1941-42) was used. Tlio 
tissues were fixed in 10 per cent, silver nitrate-10 per cent, acetic acid mixture 
for 3 lirs., washed in three changes of distilled water (H hrs.) and 6 per cent, 
sodium thiosulphato (1^ hrs.). Chemically dean glassware ond analar reagents 
were used and the process was carried out in the dark. Tho material was 
dehydrated, cleared, embedded in paraffin, cut at 5 /t and lightly countorstaiQcd 
with neutral rod. It was found that tho longer time (3 hrs.) in silvor-acotio 
fixative gave fewer artefacts, silver tides, etc., than tho shorter half-hour jiefiod 
of fixation suggested in a personal communication by Dr G. Bourne. 

For lipids, the method of Dalton and Peters was used, Tho tissues were 
fixed in Champy’s fluid for 24 hrs., washed in running tap water for 24 hrs. 
and then placed in 2 per cent, osmic acid for 5 days at 38® C. Follo^iug 
embedding in paraffin, sections wore cut at 5 p and either mounted unstained 
or lightly countoTfitained with neutral red. 

For alkaline phosphatase, tho Gomori technique was used, keeping within 
tho time limits, etc., suggested by Danielli (1946). Tlie tissues were fixed m 
80 per cent, ice-cold ethanol for 24 hrs. Tho sections were incubated in the 
substrate for 2, 6 and 24 hrs., and compared with controls incubated at pH 9 
without )5 glycero-phosphate for identical periods of timo. Tissues from the 
tumour-bearing birds and from the controls were incubated back to bock. 

For acid phosphatase, the Gomori teclmique (1941) was used. The tissues 
were fixed in ice-cold absolute acetone for 24 hrs. Tho sections wore incubated 
in an acetate buffer at pH 6 with a glycero-phosphate and lead nitrate for 
2, 6 and 24 hrs, and compared with the controls. 

For polysaccharide, the periodic acid-Schiff’s reagent (P.A.S.) method 
(McManus, 1948) was used. This stains tho 1, 2 glycol linlcage (—CHOH— 
CHOH—) of carbohydrates and thus stains glycogen, mucus, reticulin, basement 
membranes, some kinds of elastic tissue, fibrin and various substances of quite 
unknown composition. The tissues were fixed in 80 per cent, alcohol. 

For the pituitary, tho method of Dawson and Friedgood (1938) was u^ed. 
The pituitaries were dissected out and fixed either in the silver-acetic mixture 
for ascorbic acid or in formol-saline-sublimate. The method makes use of 
azo-carmine, orange G and nniline blue, and it was found that it would distinguish 
acidophils and basophils even in pituitaries which had been fixed in silver-acetic. 
The appearance of tho cells and the overall intensity of staining differ with the 



extracts of the various tissues were carried out by means of 2 ; G dichlorophenol 
indophenol titration. 


Results 

Biochemical estimation of ascorbic acid content 

Pig. 1 shows that tho ascorbic-acid content of the adrenals is 
very variable and that there is no significant difference betw'een tho 
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normal birds and the tumour-bearing cocks or hens. There is no 
suggestion that the ascorbic-acid content of the testes is decreased 
in the tumour-bearing cocks in spite of the marked degenerative 
changes seen on histological examination. The small number of 



Fia. 1.—Biocliomical estimation of ascorbic-acid content. 


results available, however, show no statistically significant increase. 
The ascorbic-acid content of the ovaries of the tumour-bearing birds 
shows a small but significant increase. In this case, however, there 
is little histological change from normal and certainly no marked 
degenerative changes such as are found in the testes. 

The value of the ascorbic-acid content of the preen glands varies 
between 16 and 49 mg./lOO g. wet weight (average 34*1) for normal 
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birds and between 7 and 35 mg. (average 21*7) for the Rous-infeotod 
cocks and hens. It was also noticed that the 2 )reen glands of tho 
tumour-bearing birds are considerably smaller than tho normal controls 
(P< 0*001) and that tliis diminution in weight is greater than can bo 
accounted for by any loss of body-weight. It was noticed also that 
tho preen glands of tho Rous birds contain more secretion than tho 
controls. A relative increase in tho quantity of secretion to tho 
amount of gland parenchyma will lower tho ascorbic-acid wet-weight 
figure, but if a gland is enlarged by secretion uithout diminution of 
glandular tissue tho product of the weight of tho gland x ascorbic 
acid/100 g. wot weight will remain constant if tho secretion has a 
negligible ascorbic-acid content. If ascorbic acid had any relationslup 
to gland function the total ascorbic-acid content of tiie whole organ 
per gram of body-woight might bo more significant than tho concen¬ 
tration in the organ. 

Fig. 2 shows the ascorbic acid in tho wliole organ per gramme of 
body-rreight for both tho preen gland and tho adrenals. These two 
organs are in sharp contrast. In tho case of the adrenals, fig. 2 shows 
less scatter than fig. 1. In the case of tho preen gland tho differences 
between the normal and the Rous birds are more marked. This 
indicates that in tho adrenals tho larger glands tend to have a lower 
concentration of ascorbic acid so that tho total adrenal ascorbic acid 
per gramme of whole bird tends to bo constant, with no significant 
difference between tho tumour-bearing birds and tho controls. In 
the preen gland thoro is either a loss of weight or a lower concentration 
of ascorbic acid or both in the Rous birds, which is a finding consistent 
with the marked degenerative changes seen on histological examination. 

Ascorbic-acid content of the Bons sarcoma. Tumours usually give 
low values of ascorbic acid—3 or 4 mg./lOO g. wet weight. These 
low values may bo explained by tho largo quantity of extracellular 
ground substance which is such a characteristic feature of the Rous 
sarcoma. Ono small tumour, only 4*5 per cent, of body-weight and 
more cellular than usual, gave a value of 10 mg./100 g. wet weight. 
Rous sarcoma cells grown on the chorio-allantois of tho duck embryo, 
and therefore free from muscle, gave 5 or G mg./lOO g. wet weight. 
These low values are interesting in comparison udth the high values 
of ascorbic acid in most other malignant tumours. 

Nahed-eye appearance of kimour. The larger Rous tumours of the 
series showed the typical gelatinous consistency. Tho centre had 
usually broken down to form a cyst which was filled with hfcmorrhagic 
fluid and lined by fungating masses of growth. Every bird in which 
the tumour was at all extensive showed wide-spread subcutaneous 
gelatinous exudate, usually bright green in colour. Small tumours 
showed a firmer, whiter and less gelatinous structure. 

Metastatic deposits. Metastases visible to the naked eye were 
infrequent. One bird showed multiple deposits in tho liver; three 
showed metastatic deposits in the preen gland. This is interesting 
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because the ovaries, testes and adrenal glands were also submitted 
to close histological scrutiny without finding any secondary deposits. 
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Recently, two more birds with secondary deposits in the preen glanc 
have been found among four birds used for class work. 

Eons sarcojna: histology and histochemistry 

Ascorbic acid. Silver-reacting granules, indicating ascorbic acid ir 
the histochemical technique used, are very scanty in the Rous sarcoma, 
This is in keeping with the low ascorbic-acid content found on bio¬ 
chemical analysis. Most of the Rous sarcoma cells are free froin 
silver-reacting granules, an occasional cell shows a fine granule in 
the cytoplasm adjacent to the nucleus and in some preparations a 
few groups of cells are found with several silver-reacting granules. 
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Fio 3 —Secondary deposit of Rous sarcoma (right) m liver (left) Gomon technique 
for acid phosplmtaso , 24 lirs incubation E\tracellular matrix and cjtoplasm 
of Rous sarcoma cells flro unstained and the nuclei stain onlj moderately In 
contrast, the nuclei of the liier cells stain strongly and tho nuclei and cytoplasm 
of tho Ivupffer cells \ cry strongly X Oo 



Tio 4 —Secondary deposit of Rous sar Tio 'I —Secondary deposit m preen gland 
coma miner A zone of acti\ e mitosis shomng PAS posituc giamiles in the 
showing lipoid deposits Osmic acid Rons sarcoma cells y400 
and neutral red y 400 
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Alkaline jtliosphaiase. With the possible exception of the nucleoli, 
the Rous sarcoma shows no staining for alkaline phosphatase even 
after 24 hrs/ incubation. It is interesting to find this combination 
of low ascorbic-acid content and absence of extracellular alkaline 
phosphatase in a tumour which makes much hyaluronic acid but no 
collagen. 

AM phosphatase. The nuclear chromatin of the sarcoma cells 
gives a positive reaction for acid phosphatase after 24 hrs.' incubation 
but the cytoplasm and the extracellular matrix are free. The cells 
lining the capillaries in the tumour stain positively. 

A study of the secondary deposits of the Rous sarcoma in the 
liver and preen gland is instructive. With the naked eye the tumour 
can be seen as a pale zone against the darkly staining background of 
the liver and preen gland. Some idea of intensity of phosphatase 
activity can be gained by comparing sections incubated for 2, 0 and 
24 hrs. Intense phosphatase activity would bo indicated by complete 
blackening within 2 hrs., whereas a low degree of activity would 
give perceptible staining only after 24 hrs.’ incubation. 

The results from the socondarj^ deposits of Rous sarcoma in the 
liver (fig. 3) are shown in tlie table. Similar results were given by the 
primary tumours and by the secondary deposits in the preen gland. 

Table 


Acid-phoaphatasQ activity of liver atid Rous sarcoma 


1 

Period of Incuhation ^ 


S Iirs 

Chra 

24 lirs 

Liver 

Liver-cell nuclei . . . . : 


± 


Liver-cell cytoplasm 

— 



Kupffer cells ..... 



+ + + + 

Rous SARCOaiA 




Cytoplasm and motrix 

— 



Tumour-cell nuclei .... 

— 

~ 1 


Chromatin of cells m mitosis 



+ + 

Polymorphonuclear leucocytes . 


~ j 

+ + 


Lipid. Many Rous sarcoma cells show no lipoid droplets stainable 
with osmic acid after 4 days’ incubation, but groups of cells can be 
found which contain collections of fine or coarse lipoid droplets. At 
first these were regarded as degenerative changes but further study 
showed that lipoid droplets occurred in actively growing parts of the 
tumour. Fig. 4, from a secondary in the liver, shows 3 mitotic figures, 
and two of these dividing cells each possess a dark granule while 
several other cells in the field show considerable collections of lipid. 
Other parts of the same tumour present typical spindle cells containing 
rows of black droplets. 
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Polysaccharide. With the P.A.S. staining tecliniquo the extra¬ 
cellular matrix of the tumour stains diffusely or with fine bands. 
Some groups of tumour cells contain collections of brightly stainint^ 
granules of polysaccharide in their cytoplasm. Fig. 5, for example^ 
shows actively growing coUs from a metastatic deposit in the preen 
gland, and there is no suggestion that these cells are in an 3 ^ W'a 3 ^ de¬ 
generate. Are these c 3 ioplasmic granules of potysaccharide glycogen ? 
To answ^er tliis question, a careful study w^as made of the secondary 
deposits in the liver. Incubation with salivary am 3 iase for I and 
I hr. removed the gtycogen granules from the liver colls but the number 
of P.A.S.-positve granules in the Rous sarcoma w\as comparable with 
those in control sections incubated for similar periods in boiled saliva. 
Wiether these polysaccharide granules have an 3 ’' relationship with 
the lipoid droplets or whether the 3 ^ represent the precursor in the 
cells of the extracellular matrix can only bo answ’cred b 3 " further 
investigation. 


Testes : histology and histochemistry 

The testes in the tumour-bearing cocks showed marked degenerative 
changes. Tney w^ero smaller than in the tw^o normal controls, and 
yellow instead of white. 

Figs. 6 and 7 show the striking histological differences between 
the testis from a tumour-bearing cock and an immature testis of the 
same order of size from a normal cock. The testis cords of the normal 
bird show three or four la 3 ^ors of cells and a ver 3 ^ narrow' lumen. In 
the tumour bird the cords are changed into wide tubules, lined in 
places by only a single la 3 ’'er of cells and containing plugs of des¬ 
quamated cells l 3 dng free in the enlarged lumen. These free cells 
have deopty-staining p 3 ivnotic nuclei and the basement membrane 
of the tubules is thickened, a feature wiiich is sliowm best in sections 
stained with P.A.S. 

With silver-acetic acid fixation silver-reacting granules are well 
marked in these degenerate tubules in the cell borders next to the 
lumen (c/, figs, 8 and 9). Osmic acid stains lipoid droplets in the same 
situation (fig. 10). 

With P.A.S. staining man 3 ^ fine granules of polysaccharide are 
seen in this situation and the desquamated cells are also P.A.S. 
positive, showing a ring of intensely staining granules surrounding 
the nucleus. These remain unaltered oven after incubation with 
salivary am 5 daso for 2 hrs. (fig. 11). 

The interstitial cells of the testes are significantly more numerous 
in the tumour-bearing cocks but this ma 3 ’' bo the result of retardation 
of development. They do not appear to stain so w’^ell, either for lipid 
or for ascorbic acid, in the Rous-hifected birds as in the controls. 

Phosphatases in the testes. The testes give a positive reaction for 
both acid and alkaline phosphatase but the distribution of each is 
characteristic and different. Alkaline phosphatase is w^’ealdy positive 
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Fir 0 —Tosti^j from tumour bearing Fia 7—Normal Ti»o tubules nro 3 

cod Tho tubules arc one cell thick or 4 cells thick and the lumen is small 

and there aro rannj cells in tho lumen H and 11 X 200 

Hamatovjlin and cosui X 200 



Fio 8—Testis of normal cock Silver Fio 9—^Testis of tumour bearing cock 
acetic and neutral red Ascorbic acid Silver acetic and neutral red Ascorbic 

shoum as tiny granules ncai lumen of acid slioum as tmy granules near lumen 

tubule \Vt of testis 480 mg Ascorbic of tubule Wt of testis 425 mg , As 

acid 29 mg/100 g wot vvt X945 corbie acid 31 mg/lOO g wet wt 

X945 
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1 lo H)—^Testis of tumour bcnring cod stnincd Mith osmic ncid nnd lu utral ictl 
shouinj, lipoid droplets toA\nrds lumen m degenerating tubules X400 



iio 11 —Testis of tumour bearing cock Fia 12 —Normal preen gland sebaceous 
stained with PAS show mg fine drops zone The colls of tho tubules aro well 

o po jsacc lande m the margin of tho picseiied and the lumen is small with 

degenerating tubule and coarse drops little secretion Wt of one lobe 740 mg 

m le esquamated cells x945 Ascorbic acid 50 mg/lOO g wetwt H 

and E x200 
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in the nuclei of the cords of the testis after 24 Irrs.* incubation, but 
the basement membranes and the cells of the stroma are strongly 
positive and are already stained after only 2 lirs,’ incubation. Acid 
phosphatase stains the nuclei of the spermatic cords strongly and tho 
chromatin network is clearly depicted after 6 hrs.’ incubation. The 
nuclei of the spindle colls surrounding tho tubules and the c 3 rtoplasm 
and nuclei of tho interstitial cells are also stained, but less strongly. 
Thus the heaviest staining for alkaline phosphatase is shown by tho 
basement membrane and by tho stroma, while the highest acid- 
phosphatase activity is in tho colls of the testicular cords. 

Having regard to tho well-known vagaries of these techniques and 
the small number of animals examined, it is not possible at present 
to be sure of any dilforencos between tho normal and the tumour- 
bearing animals. 


Ovaries .* histology and histochemistry 

The ovaries were examined with reference to the ova and the 
follicular cells which surround thorn, the spindlo cells of the stroma 
and the strands of cells filled ^vith lipid in tho stroma which resemble 
the luteal cells of tho mammalian ovary. 

In sharp contrast with the testes, tho ovaries show little change 
in the tumour-bearing hens. Tho strands of lipoid-laden ** luteal *’ 
colls are usually more obvious and more numerous in tho tumour¬ 
bearing birds, and tho follicular cells, judging by the silver-reacting 
granules in their cytoplasm, contain rather more ascorbic acid. Tho 
spindle cells of the stroma show strong alkaline phosphatase activity 
in their nuclei and some in their cytoplasm ; the nuclei of the luteal 
cells are also moderately well stained, the follicular-cell nuclei only 
weakly after 24 hrs.’ incubation. On tho other hand tho yolk of the 
ova stains weakly and both nuclei and cytoplasm of the follicular 
cells stain more strongly for acid phosphatase. 

No marked or consistent differences are noted between the Rous- 
infected and the control hens. With osmic acid drops of lipid are 
seen in the follicular cells, and the luteal cells either have a number 
of black droplets or the whole C 3 rtoplasm of the coll stains with a 
fine black filigree ” pattern. 

The P.A.S. technique clearly demonstrates tho connective tissue 
stroma of the ovary but also stains the yoUr of the ova a faint pink 
and gives a rather stronger diffuse red zone in the juxtanuclear cyto¬ 
plasm of the follicular cells. 


Adrenals 

The anatomical arrangement of the adrenals in fowls differs from 
that in mammals. The cortical and medullary cells are not separated 
into two clearly defined anatomical zones, the organ consisting of 
strands of cortical cells intermingled with strands of medullary cells. 

3 . rATH, BICX.—TOL. ixra q 



278 


D. B. OATER 


The ascorbic-acid staining teclinique demonstrates these two types 
of tissue very clearly. The cortical cells show a few very heavy cyto¬ 
plasmic silver-reacting granules, while the medullary cells have 
numerous but much finer granules uniformly scattered throughout 
the cytoplasm and tending to obscure the nucleus. The cytoplasm 
of the medullary cells tends to stain blue with hjematoxylin. Frozen 
sections stained with Scharlach R show the cortical cells packed with 
lipoid droplets but sections stained with osmic acid present only a 
few fine black droplets in the cytoplasm. 

The adrenal medullary cells stain wealdy for alkaline phosphatase. 
Both nuclei and cytoplasm of the medullary cells stain fairly strongly 
for acid phosphatase, while the nuclei and cjrtoplasm of the cortical 
cells stain less strongly. 

Comparison of the histological findings in the tumour-bearing and 
control birds reflects the haphazard nature of the biochemical results 
obtained for the adrenal. Sometimes the cortical cells are in broader 
bands in the tumour-bearing than in the control animals. This is 
difficult to prove by measurement because of normal variations and 
errors of sampling. In the birds with the larger tumours the colls 
of the cortical strands appear swollen and show signs of c 3 doplasmic 
degeneration. There is also a suggestion that the medullarj’’ strands 
are thinned, possibly by pressure. In two birds which were killed 
in a moribund condition (one in this series and one a bird used for 
passage), a surprising feature was the number of mitotic figures, 
suggesting damage of cortical cells, with attempted regeneration. 

The osmic-acid sections wore not satisfactory, as the tissues are 
apt to disintegrate or to stain unevenly. We could neither confirm 
nor denj^ for Rous sarcoma in fowls, the lipoid depletion of the 
adrenals described by Dalton and Peters in tumour-bearing mice. 


Preen ghnd 

A more detailed account of the anatomy, histochemistry and 
biochemistry of the preen gland (glandula uropygialis) is given else¬ 
where (Cater and Lawrie, 1950) but a brief note is necessary here for 
clarity. It is a bilobed gland, 1-1’5 cm. in length and breadth, situated 
just above the tail. Each lobe has a tliick putty-coloured wall of 
radially arranged glandular tubules which discharge their secretion 
into the central cavity of the lobe. Tliis secretion is a yellow oil 
which is discharged by a muscular duct on to the surface of a nipple¬ 
like process. Histochemical methods clearly demonstrate two zones 
in each lobe, (a) a peripheral zone, wliich, because it resembles closely 
the sebaceous glands of man, will be called the sebaceous zone, and 
(b) a central zone bordering the central cavity of the lobe. Certain 
cells in this zone contain glycogen and this has therefore been called 
the glycogen zone. 

Preen gland: sebaceous zone. Fig. 12 shows a transverse section 
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across a tubulo in the sebaceous zone. The outer layer of cells in 
each tubule, lying against the connective tissue septa, are young 
dividing cells which stain deeply with hrematoxylin and show fine 
black droplets of lipid with osmic acid. Inside this regenerating 
layer are situated several layers of polygonal cells, v-dth foam-like 
o;^oplasin due to lipoid droplets. Only the margins of these droplets 
stain with osmic acid, giving a fine filigree pattern. These typical 
sebaceous cells break down near the narrow lumen of the tubule to 
form the secretion, which stains intensely black for acid phosphatase 
after only 2 hrs.* incubation. The cells of the sebaceous zone do not 
stain for polysaccharide or for acid phosphatase except after 24 hrs. 
incubation, when the nuclei may be stained. 

Preen gland: glycogen zone. A section across the tubule in this 
part of the gland shows quite a different appearance, The cells stain 
more deeply with hasmatoxylin and eosin and contain granules in 
their cytoplasm. The peripheral cells lying against the supporting 
connective tissue septa show brilliant red granules when stained with 
P.A.S. These granules have been shown by means of Best’s carmine 
stain and by salivary amylase tests to be glycogen. These cells, as 
well as others lying nearer the lumen of the tubule, contain many 
granules which stain strongly positive for acid phosphatase after 
2 hrs.’ incubation, and after 24 hrs. the general blackening is such 
that all histological detail is obscured. 

Osmic-acid staining shows the cells bordering the lumen of the 
tubule to be full of black droplets of lipid, in sharp contrast to the 
filigree pattern of the sebaceous zone. 

The lumina of the tubules in the glycogen zone are wider than 
those of the sebaceous zone and contain secretion which stains intensely 
for acid phosphatase. 

Changes in the •preen gland of birds toith Rous sarcoma. Early in 
the experiments it was noted that the preen gland of birds with Kous 
sarcoma is smaller, contains relatively more secretion and is usually 
a deeper yellow colour than that of the controls. This overall reduction 
in size of the preen gland in the tumour-bearing birds was subsequently 
shown to be statistically significant. 

When the preen glands from the tumour-bearing birds were cut 
open they were found to contain more secretion than the controls, 
so that the secreting part of the gland was considerably thinned and 
was also yellower in colour. 

Examination of sections stained with hsematox^^lin and eosm 
shows degeneration of the tubules of the tumour-bearing birds. The 
lumen of the tubules is widened, not only in the glycogen zone but 
also in the sebaceous zone. The secretion forms eosinophil masses, 
even in the most peripheral parts of the tubules lying against the 
capsule of the lobe. This increase of secretion in the. tubular 
lumen is even more clearly seen in the sections stained with 
P.A.S., which stains the secretion red, and in sections stained 
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the pituitaries of the tumour-bearing hens. Three tumour-beftring 
cocks gave 65, 67*6 and 68‘6 (mean 67) per cent, acidophils and three 
normal control codes, 30, 33*7 and 41 (mean 34*7) per cent, {t 1*85 
and P 0*12) suggestive of an increase but the numbers are too few 
for the result to be significant. 

Basophil cells were not numerous or prominent in either control 
or tumour-bearing birds. It is possible that the staining method 
employed is not the best for demonstrating basophils in the hen 
pituitary. However, colls with definitely blue granules wore seen 
in which the granules were larger in size in the Rous-bearing codes 
and hens. With P.A.S. these large basophil granules give a positive 
reaction for polysaccharide. 


Discttssion 

Payne (1946), in a paper on the cellular picture of the anterior 
pituitary of normal fowls from the embryo to old ago, describes an 
increase of the large basophils in the hen between 85 and 115 days. 
He also indicates that acidophil cells and Ag are more numerous 
in the hen than in the cock and that they axe increased by injections 
of oestrogen. Clianges due to agoing are described at any time after 
65 days, such as fusion of the granular mitochrondria of the basophils 
which turn into red vacuoles, acinar formation around colloid and the 
presence of pigment granules. This might suggest that the larger 
granules in the hasophila of the tumoux-h earing birds and the more 
obvious acinar formation around colloid were degenerative changes. 
Pearse (1949), on the other hand, suggests that the P.A.S.-positive 
material in the basophils and pools of colloid is gonadotropic hormone. 

Guyer and Claus (1933) report that subcutaneous explants of the 
Plexner and Jobling carcinoma in rats cause a marked increase in 
the number of basophil cells in the anterior lobe of the hypophysis, 
similar to that which follows castration. 

Apart from the changes in the pituitary there are the following 
defimte findings :—(a) The testicular degeneration, with desquamation 
of cells into the lumen of the tubule. (6) In sharp contrast, the com¬ 
paratively slight histological changes in the ovary, except for a 
suggestion of an increase in the luteal cells, (c) Increased secretion 
in the preen gland with signs of degeneration of the sebaceous zone 
and diminution in the size of the organ, {d) Some evidence that the 
cortical cells of the adrenal undergo cytoplasmic degeneration in 
birds with large tumours. 

Have these findings any significance ? Are they due to the products 
of tumour degeneration or do they represent merely non-specific 
effects such as might be found in a number of different diseases ? 
These questions are not easily answered. To prove that these changes 
do not occur in any other disease would require prolonged investigation; 
to find that they do occur under other conditions might still not 
preclude a possible significance in the pathology of the Rous sarcoma. 

J PATH BACT—VOt LXHI g2 
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The first step was to search the literature for information on ovarian 
and testicular changes in diseases of fowls. 

In Lesbouyries’ monumental work “ La pathologie des oiseaux ” 
(1941), changes in the testes are described in a number of diseases, 
including avian tuberculosis (p. 463), Brucella abortus infection 
(pp. 404 and 405), plague (p. 263) and pseudopestis (p. 264), and the 
Salmonella infections (p. 369), but since in all these the ovaries are 
also affected, they can be ruled out of the discussion. 

Lesboujrries’ chapters on endocrine and deficiency diseases suggest 
certain causes for testicular degeneration. He quotes (p, 30) Parhon 
and Cahane as describing testicular atrophy following thymectomy 
in a duck, and draws attention (p. 84) to the importance of 
manganese salts in birds as necessary for the attainment of sexual 
maturity. Tsuji and also Bierry are quoted (pp. 47 and 48) as describing 
testicular atrophy and a hyperplastic reaction of the interstitial gland, 
but especially degeneration of the seminiferous tubules, in avitaminosis 
Bj, and Osborne and Mendel (p. 63) as describing faulty development 
of the testicle, with atrophy, loss of weight and a change to a deeper 
colour after a period of vitamin-E deficiency. In these circumstances 
the germinal epithelium undergoes progressive desquamation and 
after 4 months there is no trace of the germinal cells—^nothing is 
left of the seminiferous tubules except the syncitium of Sertoh. This 
description would fit qmte Avell the histological appearance of the 
testes of the cocks with Rous sarcoma. Adamstone (1931) showed 
that avitaminosis E affected the embryo, causing vascular degeneration 
and a cellular reaction of the mesoderm which brought about death— 
“ the lethal ring 

Dam (1944) by feeding cliickens on vitamin-E deficient diets was 
able to produce either an exudative diathesis or encephalomalacia, 
depending upon the quantities of protein, salts and unsatmated fatty 
acids in the diet. One of the striliing features of the birds with large 
Rous tumours is the strildng subcutaneous oedema, usually stained 
deep green, and Dam describes green colouration of the subcutaneous 
exudates in the E-deficient cliicks. He was able to prevent the 
exudative diathesis by giving ascorbic acid with the vitamin-E- 
deficient diet, suggesting at least some relationship between the 
metabolism of vitamhi C and vitamin E. 

The suggestion that the Rous sarcoma produces a deficiency of 
vitamin E in the tumour-bearing birds offers a possible explanation 
of certain of the findings here reported. It would explain the marked 
testicular degeneration and the comparative lack of ovarian change. 
It would offer an alternative explanation of the green subcutaneous 
oedema, which we have hitherto regarded as the spreading margin of 
the tumour. On a much more tentative plane, it is not incompatible 
with irregularities of the vitamin-C content of the organs. That 
avitaminosis E should affect the preen gland, wliich has such intense 
acid phosphatase activity, is also within the realm of possibility. 
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That avitaminosis E might render birds more susceptible to the 
tumour viruses and that adequate supplies of vitamin E might have 
a preventive or curative effect raise interesting speculations. It 
has long been known that the resistance of fowls to Rous sarcoma 
sometimes shows marked variations for which it is not always possible 
to find a satisfactory explanation. 

Experiments to test these possibilities are in progress and have 
given interesting results. Further his to chemical investigation of the 
preen gland has also been undertaken m the hope that it might thrOAV 
some light upon the synthesis of lipids or steroids, Hou having shorni 
that the preen gland produces pro-vitamin D in birds. In addition a 
fuller understanding of the normal physiology of this organ is necessary 
before the changes produced in it by the Rous sarcoma can be 
understood, 

StnsrMABY 

The changes occurring in the testes, ovaries, adrenals, preen gland 
and pituitary of 3-5 months old cocks and hens bearing Rous sarcoma 
were investigated by biochemical analysis for ascorbic acid and by 
histochemical methods for ascorbic acid, lipid, polysaccharide, and 
acid and alkaline phosphtase. 

1. Biochemical analysis shows a significant decrease in the ascorbic- 
acid content of the preen gland of birds with Rous sarcoma. There 
is a slight but significant increase in the ascorbic-acid content of the 
ovaries of the tumour-bearing birds. The adrenals show no significant 
change. 

2. The Rous sarcoma gives the low value of 3-10 mg./lOO g. wet 
weight for ascorbic acid. The matrix is free from allcaline phosphatase 
but stains for polysaccharide. Some of the tumour cells show cyto¬ 
plasmic droplets of lipid and cells are also seen mth inclusions staining 
for polysaccharide. The nuclear chromatin of cells in mitosis stains 
well for acid phosphatase ; the nuclei of other cells stain weakly. 

3. The tumour-bearing cocks show marked degeneration of the 
spermatic cords of the testes, with thickening of the basement 
membrane and desquamation of the germinal cells into the liimen 
of the tubules. 

4. The ovaries of the tumour-bearing hens show little change 
except for some increase of the lipid-containing cells of the stroma. 

5. The cells of the spermatic cords are rich in acid phosphatase 
and the basement membranes and stroma have high alkaline phos¬ 
phatase activity. In the ovaries the follicular cells stain moderately 
well for acid phosphatase, while the cells of the stroma stain strongly 
for alkaline phosphatase. 

6. The changes in the preen gland in the birds bearing the Rous 
sarcoma suggest overactivity leading to degeneration. 

7. The preen glands are very rich in acid phosphatase. 

8. The anterior lobe of the pituitary of Rous sarcoma-hearing 
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The first step was to search the literature for information on ovarian 
and testicular changes in diseases of fowls. 

In Lesbouyries’ monumental work “ La pathologie des oiseaux ” 
(1941), changes in the testes are described in a number of diseases, 
including avian tuberculosis (p, 463), Brucella abortus infection 
(pp. 404 and 405), plague (p. 263) and pseudopestis (p. 264), and the 
Salmonella infections (p. 369), but since in all these the ovaries are 
also affected, they can be ruled out of the discussion. 

Lesbouyries’ chapters on endocrine and deficiency diseases suggest 
certain causes for testicular degeneration. He quotes (p, 30) Parhon 
and Cahane as describing testicular atrophj’- following thymectomy 
in a duck, and draws attention (p. 84) to the importance of 
manganese salts in birds as necessary for the attainment of sexual 
maturity, Tsuji and also Bierry are quoted (pp. 47 and 48) as describing 
testicular atrophy and a hyperplastic reaction of the interstitial gland, 
but especially degeneration of the seminiferous tubules, in avitaminosis 
Bj, and Osborne and Mendel (p, 63) as describing faulty development 
of the testicle, with atrophy, loss of weight and a change to a deeper 
colour after a period of vitamin-E deficiency. In these circumstances 
the germinal epithelium undergoes progressive desquamation and 
after 4 months there is no trace of the germinal cells—nothing is 
left of the seminiferous tubules except the syncitium of Sertoli. Tliis 
description would fit quite well the histological appearance of the 
testes of the cocks uith Rous sarcoma. Adamstone (1931) showed 
that avitaminosis E affected the embryo, causing vascular degeneration 
and a cellular reaction of the mesoderm which brought about death— 
“ the lethal ring ”. 

Ham (1944) by feeding chickens on vitamin-E deficient diets was 
able to produce either an exudative diathesis or encephalomalacia, 
depending upon the quantities of protein, salts and nnsaturated fatty 
acids in the diet. One of the striliing features of the birds with large 
Rous tumours is the strildng subcutaneous cedema, usually stained 
deep green, and Ham describes green colouration of the subcutaneous 
exudates in the E-deficient cliicks. He was able to prevent the 
exudative diathesis by giving ascorbic acid with the vitamin-B- 
deficient diet, suggesting at least some relationsliip between the 
metabolism of vitamin C and vitamin E. 

The suggestion that the Rous sarcoma produces a deficiency of 
vitamin E in the tumour-bearing birds offers a possible explanation 
of certain of the findings here reported. It would explain the marked 
testicular degeneration and the comparative lack of ovarian change. 
It would offer an alternative explanation of the green subcutaneous 
cedema, winch we have hitherto regarded as the spreading margin of 
the tumour. On a much more tentative plane, it is not incompatible 
with irregularities of the vitamin-0 content of the organs. That 
avitaminosis E should affect the preen gland, which has such intense 
acid phosphatase activity, is also within the realm of possibility. 
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OBSERVATIONS ON RESISTANCE OE 
BACTERIUM COLI TO GLYCINE 

J. Gordon, R. A. Hall and L. H. Shokland 
From the School of IMedicinCy Leeds 

Lysis of normal organisms by glycine was demonstrated by MaouUa 
and Cowles (1948), Gordon, Hall and Stickland (1949) observed that 
organisms adapted to grow'th in high concentrations of glycine showed 
increased power of resisting ly^is by glycine. The resistant and 
normal organisms were sub cultured on to heated blood agar and then 
to flasks of broth. Washed suspensions of these organisms were 
treated with glycine solution at 37° C. and centrifuged, and the 
protein-nitrogen in the supernatant fluid was determined by micro- 
Kjeldahl. 

With organisms g^o^\'n in this way in peptone broth, there is 
some danger of reversion, and the suspension may consist in part, 
and to an unknown extent, of cells no longer resistant to glycine. 
Such cells would be expected to be lysed by glycine, and the figures 
in our previous paper bear this out, sho'wing in some cases a degree 
of lysis of the resistant suspension. More complete resistance to lysis 
might be expected if suspensions were used of cells actually grown in 
a medium containing glycine, and experiments of this type have now 
been carried out. 


Matemai. and methods 

Five strains of Bact. coli were used, two (strains 1 and 4) which had become 
accustomed to grow in 6 per cent, glycine and tliree (strains A, B and B) which 
had been accustomed to grow in 4 per cent, glycine. Thp original strains of 
these organisms were grown in broth, and the resistant strains in broth con¬ 
taining glycine at the concentration to which they had become adapted. Both 
sets were incubated for 24 hours at 37® C. The resistant strains were inoculated 
direct into glycine broth and their growth was usually not as good os that of 
the normal strains. 

The lysis of the bacteria was carried out as described in our previous paper. 
The cells were centrifuged and washed once with distilled water, and finally 
suspended in 10*20 times their volume of distilled water. 1*0 ml. of this suspen¬ 
sion was measured into each of a number of tubes, and treated with 1*0 ml. 
of water or of an appropriate solution of the substance under test. The con¬ 
centrations of the various substances given in the tables are those of the final 
mixture. The tubes were incubated at 37® 0. for 16 hours, the bacteria removed 
by sharp centrifugation, and the clear or opalescent supernatant fluid treated 
with 0*5 ml. of 26 per cent, (w/v) trichloracetic acid solution. The protein 
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precipitate was centrifuged out, washed once with 6 per cent, trichloracetic acid, 
and the amount of protein determined eolorimetrically by the method of 
Robinson and Hogden (1940). 


Results 

Glycine. The amount of lysis is given in terms of the amount of 
protein found in the supernatant fluid, expressed as a percentage of 
the protein content of the original bacterial suspension, as determined 
by the method of Sticldand (1951). Table I shows that the net lysis 


Table I 

Lysia {per cent.) * by glycine of normal strains of Bact. coli grown in 
broth, and of glycinc-resistant strains grown in glycine broth 


strain 

Glycine 
concentra¬ 
tion used 
for lysis 
(per cent.) 

_ 

Normal strains 

Resistant strains 

Autolysls 

I.ysis in the 
prc^^ence of 
glycine 

Net lysis 
due to 
glycine 

Autolysis 

Lysis in the 
presence of 
glycine 


A 

4 

1 

24 

23 

38 

35 

0 

D 

4 

2 

47 

45 

29 

34 

6 

B 

4 

0 

12 

12 

15 

14 

0 

I) 

4 

0 

13 

13 

18 

19 

1 

1 

0 

2 

20 

18 

08 

07 

0 

4 

G 

2 

00 

20 

00 

72 

0 

4 

6 

i 0 

28 

28 

4 

0 

0 

D 

4 

I 2 

1 

34 

32 

23 

29 

G 


Average 

I 

i 1 

... 

24 

32 

... 

■i 


Suspensions of organisms wore incubated overnight at 37° in water (autolysis) 
or in glycino solution, 

♦ In all tables the degree of lysis Is the amount of protein In the supernatant fluid cxpres<5cd as a 
percentage of tlic protein content of the original bacterial suspension. 

produced by glycine in the suspensions of resistant organisms is very 
small, as compared with that found with the normal strains, and 
even less than that observed with the method used in our previous 
paper, ix. with cells grown in broth not containing glycine. A note¬ 
worthy feature is the high degree of autolysis, i,e, lysis in distilled 
water alone, found with suspensions prepared from cultures of resistant 
strains when grown in glycine-containing media. 

The question of the specificity of this resistance to lysis by glycine 
is obviously important. It was studied by observing the effect of 
other l 3 rtic agents on normal and resistant organisms. We studied 
the lysis produced by normal serum (Gordon and Hall, 1950),by sodium 
deoxycholate, and by an amino-acid closely related to glycine, viz. 
BL-alanine. Saponin and fixanol C, a synthetic detergent, were also 
tried but discontinued owing to technical difficulties. 

Sodium deoxycholate. The method used to observe the degree of 
lysis by deoxycholate was the same as for lysis by glycine, the con¬ 
centration of deoxycholate in the incubated mixture being 1 per cent. 
It was found that deoxycholate did not interfere with the precipitation 
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of tlie protein by tricliloracetio acid, nor with the determination of 
the protein by tho biuret method. The results in table II indicate 
that the glycine-resistant were rather more susceptible than the normal 
organisms to lysis by deoxyoholate. 

Table H 


Lysis (per cent.) of normal and glycine-resistant strains hy 
sodium deoxycholatc (1 per cent.) 


strain 

LysU of normal strain<< 

Bysls of rc'lstant strains 

AutolysIs 

Ljrals 

Net 

Autolysls 

LysUi 

Xct lysis 

1 

3 

38 

35 

20 

■■1 

72 

4 

1 

30 

29 

7 


80 

1 

2 

13 

11 

4 


32 

4 

2 

11 


5 


32 

1 

4 

31 


2 


49 

1 

2 

22 

20 

12 


47 

A 

1 

25 

24 

4 

48 

44 

B 

3 

24 

21 

11 


17 

D 

2 

31 

29 

4 


36 

4 

0 

22 

22 

3 


31 

A 

0 

23 

23 



50 

Average 



23 


... 

45 


Suspensions of organisms were incubated overnight at 37" in a 1 per cent, solution 
of sodium dooxycholate. The above figures for “ lysis ” havo been corrected for 
“nutolysis”, i.c. tho lysis on incubation in distilled water. 

The medium used for tho growth of tho above suspensions was peptone broth. 
Similar results were obtained with suspensions grown on glycine-containing broth. 

A further experiment was done to observe the effect of sodium 
deoxyoholate on normal and resistant strains, by incorporating this 
substance in peptone agar in varying dilutions, and observing the 
growth on the surface of such a medium. Bacterial suspensions were 
made of strains 1 and 4 in peptone water and loopfuis inoculated, 
the plates being incubated at 37°. After 24 hours the amount of 
growth was observed. The results (table III) indicate that sodium 
deoxyoholate in this medium has a marked inhibitory effect on the 
growth of glycine-resistant strains, an effect which was much less 
marked on peptone-broth agar than on peptone agar. 

Senim. A sUght action of serum as a lytic agent on JBact. coli is 
well known, and it is of interest in this connection to mention that 
organisms adapted to high concentrations of glyciae and subcultured 
in such high concentrations over many months became extremely 
sensitive to the lytic action of normal serum, whereas the ordinary 
strains of BacL coli are only slightly sensitive. Por example, with the 
resistant strains, 0*05 c.c. of a suspension containing 1600 million 
organisms per c.c. was almost completely inhibited by 0*1 c.c. of 
normal rabbit serum ; whereas with the original strains 0*05 c.c. of a 
suspension of 100 million organisms per c.c. added to 0-1 c.c. of normal 
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THE BETA-TOXESr (DEOXYRIBONUCLEASE) 

OF CL, SEPTIOUM 

G. Hailriet Wabraok, Ethel Bid well and C. L. Oakley 

From the Wellcome Research Laboratories^ Biological Division, 
Beckenham, Kent 

Eisenberq (1907) observed that cultures and filtrates of Clostridium 
septicum and Cl. cJiaitvoci contained thermolabilo antigens which, 
damaged washed leucocytes incubated with them. Hanging-drop 
preparations of the incubated mixtures showed that the polymorpho¬ 
nuclear leucocytes had rounded off and lost their granules, while the 
nuclei had fused to form clear vesicles ; in stained preparations the 
fragments of nuclei appeared fused into an ill-defined mass with poor 
staining properties. Lymphocytes and macrophages appeared less 
sensitive. Human leucocytes were most sensitive, then rabbit leuco¬ 
cytes ; guinea-pig leucocytes were relatively insensitive. Leucooidins 
could be demonstrated in guinea-pig exudates duo to infection with 
Cl. sepiicum and Cl. chauvoei. 

Butler (1942, 1943), examining cervical smears from post-abortum 
cases of Cl. ivelckii infection, noted that in severe infections heavily 
capsulated bacilli were present and that a large proportion of the 
leucocytes in the smears showed severe damage. Later (1945), she 
commented on the fact that, in infections with anaerobic bacilli other 
than Cl. welchiiy damage to leucoc 3 des was not observed except in 
infections with Cl. septicum. Robb-Smith (1945) showed that, when 
Cl. ivelchii filtrates were injected into the muscles of living rabbits, 
karyolysis of nuclei of polymorphonuclear leucocytes and destruction 
of connective tissue and muscle-cell nuclei occurred in the injected 
area, and that similar nuclear changes could be produced in frozen 
sections of liver or muscle by incubating them at 37° C. with filtrates 
of Cl. welchii type A. As the material damaged in this way was 
Feulgen-positive—-basophil Feulgen-negative material was unaffected— 
he concluded that the active material in the filtrates was a deoxy¬ 
ribonuclease. Since the capacity of orgam'sms to produce enzymes 
which damaged nuclei would clearly be of considerable importance 
in assisting the spread of infection, it seemed worth while to examine 
filtrates of Cl. ivelchii and Cl. septicum for this capacity, and for their 
ability to attack deoxyribonucleic acid. Evidence has been obtained 
that both Cl. welchii and Cl. septicum filtrates attack sodium deoxy- 
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precipitate ws centrifuged out, washed once with 5 per cent, trichloracetic acid, 
and the amount of protein determined colorimetrically by the method of 
Bobinson and Hogden (1940). 


Bestjlts 

Olycine. The amount of lysis is given in terms of the amount of 
protein found in the supernatant fluid, expressed as a percentage of 
the protein content of the original bacterial suspension, as determined 
by the method of Stickland (1951). Table I shows that the net lysis 


Tabios I 

Lysis {per cent,) * by glycine of normal strains of Bact. coli grown in 
brothy and of glycinc-rcsistant strains grown in glycine broth 


Strain 

Glycine 
concentra¬ 
tion used 
for lysis 
(per cent.) 

Kormal strains 

Kesistant strains 

AutolysIs 

.. _ ... 

Lysis in the 
presence of 
glycine 

Xet lysis 
due to 
glycine 

AutolysIs 

Lysis In the 
presence of 
glycine 


A 

4 

1 

24 

23 

38 

35 

0 

D 

4 

2 

47 

45 

29 

34 

5 

B 

4 

0 

12 

12 

15 

14 

0 

D 

4 

0 

13 

13 

18 

19 

1 

1 

6 

2 

20 

18 

68 

07 

0 

4 

0 

2 

22 

20 

06 

72 

G 

4 

C 

0 

28 

28 

4 

0 

0 

D 

4 

2 

34 

32 

23 

29 

0 


Average 

1 

... 

24 

32 

... 



Suspensions of organisms were incubated overnight at 37° in water (autolysis) 
or in glycine solution. 

♦ In all tables the degree of lysis Is the amount of protein In the supernatant fluid cxprcEScd as a 
percentage of the protein content of the original bacterial suspension. 

produced by glycine in the suspensions of resistant organisms is very 
small, as compared with that found with the normal strains, and 
even less than that observed with the method used in our previous 
paper, i.e, with cells grown in broth not containing glycine. A note¬ 
worthy feature is the high degree of autolysis, i.c. lysis in distilled 
water alone, found with suspensions prepared from cultures of resistant 
strains when grown in glycine-containing media. 

The question of the specificity of this resistance to lysis hy glycine 
is obviously important. It was studied by observing the efiect of 
other lytic agents on normal and resistant organisms. We studied 
the lysis produced by' normal serum (Gordon and Hall, 1950),by sodium 
deoxycholate, and by an amino-acid closely related to glycine, viz. 
DL-alanine. Saponin and fixanol C, a S 3 mthetic detergent, were also 
tried but discontinued owing to technical difficulties. 

Bodium deoxycholate. The method used to observe the degree of 
lysis by deoxycholate was the same as for lysis by glycine, the con¬ 
centration of deoxycholate in the incubated mixture being 1 per cent. 
It was found that deoxycholate did not interfere with the precipitation 
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. • GlycInf-rwlstAnt strain }m)WTti In 4 per rent glsclno brolh. 

Suspensions of normal and resistant oi^onisms wero incubated overnight at 37® in water or in DL*nlanino solution. 
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rablait servun gave no inhibition, but slight inhibition -when added 
to 0-2 c.c. of serum (Gordon and Hall). As stated in this paper it 

Table III 


The effect of sodium dcoxycholatc on the growth of normal and 
glycine-resislani strains on peptone agar 


Concentration of 
deox yciiolate 
(per ccut.) 

Ordinary strains 

Ilesistant strains 

1 

4 

1 

4 

Nil (control) 


4- + 

4“ 4- 

4-4- 

0-1 ' 


4-4- 

4- 

4- 

0'25 


4-4- 

1A number of small dry 

0-5 


4-4- 

j colonies, difficult to count 

l-O 1 

4- ! 

4- 

45 

30 

1’5 

-f 

4* 

36 

20 

2‘0 

-f 

4- 

38 

26 


1 and 4 were two diflferent strains of Bact, colt. 
heavy growth. -f* == good growth. 

Nximorals refer to niimbor of colonies where those could bo counted. 


miglit have an important clinical hearing in cases where organisms 
which have become resistant to drugs might come under the influence 
of the natural defences of the body. 

Effects of DL-alanine 

In an earlier paper (Gordon and Gordon, 1947) it was shown that 
glycine-resistant strains of Shigellci sJiigce can grow in concentrations 
of DL-alanine which would be inhibitory to normal strains. Therefore 
it was of interest to see how glycine-resistant strains of Bact. coli 
would behave with nn-alanine, vdth regard both to growth and to 
lysis of suspensions. 

Ten normal strains of Bact. coli proved rather less sensitive to 
nn-alanine than to glycine. The lethal concentration of glycine was 
in the neighbourhood of 1 •5-2*0 per cent., whereas with nn-alanme 
it was 2-5-3-0 per cent. The strains resistant to 6 per cent, glycine 
on the other hand grew readily in 7 per cent. BL-alanine broth. 

These facts were reflected in the results when lysis by nn-ala^e 
was measured, i.e. the normal strains were lysed by the concentrations 
of nn-alanine wliich prevented growth, and the glycine-resistant 
strains showed a resistance to lysis by ni»-alanine (table IV and fig.) 

In table IV it is shown that the glycine-resistant strains, when 
grown on a plain broth medium, are lysed by nii-alanine to an extent 
always less than that given by the normal strain, and when grown 
on a glycine-containing medium are lysed by DL-alanine only to a 
slight extent. The figure relates the degree of lysis of a normal strain 
to the concentration of nn-alanine and shows that in the growth- 
iiihibiting range of concentrations, i.e. in those greater than 2*5- 
3*0 per cent., lysis becomes appreciable. 
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glycine-resistant bact. coli 


The concentrations of glycine‘and pL-alanino used in these 
experiments are extremely high, and it might ho suspected that some 
part at least of their action is duo to osmotic otfoots. For this wason 
a number of other substances of ns varied chemical composition as 
possible was tested for their power to cause lysis of Sad. cob ; tho 
choice of substances was limited chielly by questions of solubility. 
The results (table V) show that tho lysis by glycine and DL-nlanine 
is quite specific and cannot bo imitated by tho other substances tested. 


Discussion 

The above results extend our Imowlcdgo of tho lysis of glycine- 
resistant organisms in several ways, Dirst, it is shown that if glycine- 
resistant BacL coU are groivn on a glycine-containing medium, their 
subsequent behaviour with glycine shows an even greater contrast 
with the normal strains than when they are grown on plain broth, 
if allowance is made for autolysis. This autolysis, or Ij^is by distilled 
water, is sometimes considerable and wo think it is to bo regarded as 
a measure of the greater fragility of organisms gro\ving in tho glycine- 
containing medium. This fragility is also demonstrated by the greater 
susceptibility of tho resistant organisms to lysis by sodium dcoxycholato 
which can be seen even when tho bacteria are grown on a glycino-freo 
medium, and also by tho extreme sensitivity to tho bactericidal activity 
of normal serum. 

Second, the question of tho specificity of the lytic action of glycine 
has been studied. It was shown in 1947 (Gordon and Gordon) that 
strains of Shigella shigee resistant to glycine were also resistant to 
DL-alanine. We have now shown that, among a number of substances 
tested, only DL-alanino caused lysis of normal strains of Bact. coli 
of a degree comparable with that found with glycine, and that tho 
glycine-resistant strains aro also resistant to lysis by DL-alanino. 
The growth-inhibition effect of DL-alamno at various concentrations 
on normal Bad, coli is paralleled by tho lytic effect on suspensions. 
The negative results with sundry substances at high concentrations 
seem to point to tho conclusion that this lysis is not associated ivith 
any osmotic effects. 

It is of interest that with streptomycin-sensitive strains of Bad, 
coli no significant lysis by streptomycin could be observed, oven at 
extremely high concentrations. It would appear, tliereforo, that tho 
action of streptomycin on Bact. colt does not involve lysis. 


bUlDlABY 

1. Glycme-resistant Bact. coli, when groivn on glycine-containinf? 
metom, centrifuged and washed, are more fragile than normaf 
This IS shoTO by moreased antolysis of the washed suspension and 
by increased sensitivity to the lytio action of sodium deoxveholate 
and the bactericidal action of normal serum. 
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2. Such glycine-resistant organisms, if gro^vn in glycine media 
and washed, show no greater lysis by glycine than by distilled water. 

3. They are also resistant to the lytic action of BL~alanine. 

4. The lytic action observed with glycine and nn-alanine on 
normal organisms is not found with other substances tested, with the 
exception of Na deoxycholate. 

5. Streptomycin-sensitive strains of Bad, coli show no lysis by 
streptomycin. 

J. Gordon wishes to thank the Medical Research Council for a grant for 
expenses. 
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THE BETA-TOXIN (DEOXYRIBONUCLEASE) 

OE GL. SEPTICUM 

G. Haskiet Wabbaok, Ethel Bidwell and C. L. Oakley 

Frojti the Wdlcome Fesearch Laboratories^ Biological Divwion, 
Beckenham, Kent 

Eisenbekq (1907) observed that cultures and filtrates of Clostridium 
septicum and Cl. chauvoei contained thermolabile antigens ■\vliich 
damaged washed leucocytes incubated with them. Hanging-drop 
preparations of the incubated mixtures showed that the polymorpho¬ 
nuclear leucocytes had rounded off and lost their granules, while the 
nuclei had fused to form clear vesicles; in stained preparations the 
fragments of nuclei appeared fused into an id-defined mass -with poor 
staining properties. Lymphocytes and macrophages appeared less 
sensitive. Human leucocjdes were most sensitive, then rabbit leuco¬ 
cytes ; guinea-pig leucocytes were relatively insensitive, Leucocidins 
could be demonstrated in guinea-pig exudates duo to infection with 
Cl. septicum and Cl. climtvoei. 

Butler (1942, 1943), examining cervical smears from post-abortum 
cases of Cl. welchii infection, noted that in severe infections heavily 
capsulated bacilli were present and that a large proportion of the 
leucocytes in the smears showed severe damage. Later (1945), she 
commented on the fact that, in infections with anaerobic bacilli other 
than Cl. welchii, damage to leucocytes was not obsen’^ed except in 
infections with Cl. septicum. Robb-Smith (1945) showed that, when 
Cl. welchii filtrates were injected into the muscles of living rabbits, 
karyolysis of nuclei of polymorphonuclear leucocytes and destruction 
of connective tissue and muscle-cell nuclei occurred in the injected 
area, and that similar nuclear changes could bo produced in frozen 
sections of liver or muscle by incubating them at 37® C. with filtrates 
of Cl. welchii type A. As the material damaged in this way was 
Feulgen-positive—^basophil Peulgen-negative material was unaffected— 
he concluded that the active material in the filtrates was a deoxy¬ 
ribonuclease. Since the capacity of organisms to produce enzymes 
wMch damaged nuclei would clearly be of considerable importance 
in assisting the spread of infection, it seemed worth while to examine 
filtrates of Cl. toelchii and Cl. septicum for this capacity, and for their 
ability to attack deoxyribonucleic acid. Evidence has been obtained 
that both Cl. welchii and Cl. septicum filtrates attack sodium deoxy- 
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ribonucleate, but as considerable difficulties were encountered in 
dealing with GL welcliii filtrates, this paper is limited to experiments 
with GL sepficum. 

Action of filtrates on films of fixed rabbit leucocytes 

R. G. Macfarlane (personal communication) had already drawn 
our attention to his observation that when methyl alcohol-fixed 
films of human leucocytes are incubated with filtrates of GL wekMi 
type A for 18 hours at C., the nuclei of the leucocytes fail to stain 
with Jenner’s stain. We have found that filtrates of GL septicum also 
possess this property, that this activity can be inhibited by previous 
mixture of the filtrate with GL sepiicnm antisera, and that such sera 
can be calibrated against a standard for their capacity to inhibit this 
indicating efiect, 

^Methods 

Babbits are bled out into 1*6 per cent, sodium oxalate, the leucocytes con¬ 
centrated by centrifugation and re-suspended in oxalated rabbit plasma. Trial 
films are made and the concentration of leucocytes adjusted to give 15-20 
leucocytes per 1/12 in. objective field. Films are then made in a standard manner 
on microscope slides 7*5 x 1*2 cm., dried in the air and fixed in methyl alcohol. 
About 400 slides can bo made from the blood of one rabbit; the use of large 
uniform batches of films greatly facilitates the comparison of results. 

For the determination of the activity of filtrates against fixed nuclei, two¬ 
fold saline dilutions of filtrates in volumes of 4 ml. are placed in test-tubes ; a 
numbered slide bearing a fixed film is placed gently in each tube so that no 
splashing occurs; about half the film should be submerged. The tubes, with 
appropriate saline controls, are incubated upright in a water-bath at 37® C. 
for about 18 hours; the slides are then removed, rinsed ^^dth distilled water, 
stained witln Jenner’s stain in the usual way and examined microscopically 
with a 1/12 in. oil-immersion objective. The upper half of the film acts as a 
somewhat unsatisfactory control, both for number of leucocytes per field and 
for efficiency of staining. As the concentration of effective material in the 
mixtures increases, the appearance of the leucocytes in the treated films alters. 
The first change is reduction in nuclear staining of lymphocytes, leading on 
to ghost nuclei, in which the tmstained nuclei are sharply demarcated from the 
faintly stained cytoplasm surrounding them ; polymorphs are next affected and 
finally eosinophils. If the concentration of effective substance is sufficiently 
iiigh, no stained leucocytes may bo seen in the treated film. Ked cells are 
unaffected. Some 20 or 30 fields are examined on each slide, and the standard 
indicating dose determined as the amount of filtrate producing severe damage 
of 60 per cent, of leucocytes, A little practice soon allows the adoption of a 
consistent standard of reading. Most GL septicum filtrates tested had about 
260 standard indicating doses per ml. 

Application to titration of sera. A standard serum was established with an 
arbitrary value of 1000 units. Varying amounts of GL septicum filtrate were 
mixed with 1 arbitrary unit of antiserum in a total volume of 4 ml., and allowed 
to stand for half an hour at room temperature; they were then incubated 
with methyl alcohol-fixed slides of rabbit leucocytes for about 18 hours at 
37® C. The test dose at one unit was taken as the amotmt of filtrate which, 
when mixed with 1 unit of antiserum, severely damaged 60 per cent, of the 
leucocytes in a treated film ; it usually contained about 120 standard indicating 
doses. This test dose was then used to calibrate other sera : testing at 10 per 
cent, differences was easily practicable. 
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Results 

The results arc given in table I, together with the serum values 
against the lethal toxin of CL septicxm. It is clear that the senim 
values in this test bear no relationship to those against the lethal 

Table I 

Serum values agaimt Cl. septicum filtrates in slide tests compared with those 
obtained in lethal tests^ to show that the antigen cjfective in slide tests (/J.toxin) 
is distinct from the lethal (a) toxin 


Seram 

Senim \aluefl (unlt<i) 

Id slide tests against flitmte 

In Ictlial teats 

AV1002 

AV1003 

GVP 1416 


210 

3400 

GVP 1003 

1000 

1000 

3200 

EX 630 

100 

110 

noo 

EX 631 1 

70 

85 

200 

EX 632 ! 

23 

23 

450 

EX 635 1 

60 

50 

870 

EX 636 

22 

21 

1400 

EX 637 

80 

75 1 

165 

EX 639 

25 

25 

270 

EX 654 

45 

50 

630 


Values obtained in 1946, 


toxin; it is therefore probable that the substance in Cl. septicum 
filtrates attacking fixed nuclei is distinct from the lethal toxin. Wo 
propose to call the lethal factor a-toxin, the substance affecting fixed 
nuclei )S-toxin. 

Enzymatic nature of the substance affecting fixed nxiclei 

In view of Robb-Smith’s suggestion that Cl. welchii type-A 
filtrates might contain a deoxyribonuclease and the strildng effect 
of Cl. septicum filtrates on films of fixed rabbit leucocytes, we have 
examined a Cl. septicum filtrate for deoxyribonuclease and related 
enzymatic activities, and have compared its action on films of fixed 
rabbit leucocytes with those of ribonuclease and deox 3 rribonuclease 
from another source. 


illErHODS 

Preparation of enzymes and substrates. Deoxyribonuclease was prepared 
from ox pancreas by the method of McCarty (1945-46) and ribonuclease from 
a rejected fraction in the deoxyribonuclease preparation by the method of 
Kunitz (1940-41). 

The deoxyribonuclease preparation had no action on yeast nucleic acid 
when tested by the method of Kumtz, hut it hydrolysed fish-sperm nucleic 
acid (method of Laskowsld, ,1946) and reduced the viscosity of calf-thymus 
deoxyribonucleic acid. The ribonuclease preparation hydrolysed yeast nucloia 
acid, but had no action on fish-sperm nucleic acid. 
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Since the active material in the filtrate might be a depolymeraso, it was 
essential to prepare sodium deox 3 rribonucl 6 ate by a method involving minimum 
denaturation : commercial specimens made from calf thymus were unsuitable. 
Sodium deoxyribonucleate was therefore prepared from calf thymus by the 
method described by McCarty; Le. the nucleoprotein was extracted by the 
method of Mixsky and Pollister (1942) and deprotelnisation effected by the 
chloroform-amyl alcohol method of Sevag et al, (1938). 

As, vmder prevailing conditions, there was considerable difficulty in obtaining 
calf thymus in any but very small amounts, most of the work was done with 
deoxypentose-nucleic acid prepared from horse spleen by a modification of the 
method of Gulland al. (1947). This preparation has been called deoxyribose- 
nucleic acid in view of the work of Chargaff ct aL (1949) on the deoxypentose- 
nucleic acid of beef spleen but final proof of its identity with deoxyribosenucleic 
acids from other sources {e.g, calf thymus) is not yet available. 

Sodium phenolphthalein phosphate was synthesised by the method of 
Huggins and Talalay (1945). 


RESXHiTS 

Action of ribomiclease and deoxyribonuclease on films of 
fixed rabbit leucocytes 

Ribonuelease (1 mg./ml. acetate buffer pK 6) caused the nuclei 
to stain more deeply with Jenner's stain, presumably because it 
removes ribonucleic acids and allows freer access to the stain (c/. 
Stowell and Zorzoli, 1947). 

The action of deoxyribonuclease was similar to that of CL sepiicnm 
filtrates. 

Enzymatic activities of Cl. septicum filtrates 

Phosphatase. Phosphatase activity was tested by incubating 
overnight at 37^ C. a mixture of 1 ml. of culture filtrate and 1 ml. 
of substrate {30 mg. sodium phenolphthalein phosphate dissolved 
in 26 ml. acetate buffer, pH 6'6). Next morning 0-2 ml. N sodium 
hydroxide was added to each tube ; the appearance of a very marked 
pink colour indicated phosphatase activity. Controls were run wtb 
uninoculated medium and with heated filtrates. Filtrates of cultures 
of Gl. septicicm showed little or no phosphatase activity. 

Deoxyribonuclease. GL septicum filtrates rapidly reduced the 
viscosity of solutions of sodium deoxyribonucleate. The relationship 
between concentration of substrate and viscosity was first determined 
as follows :— 

The substrate was dissolved in 0*025 M veronal buffer, pH 7*5, 
containing 0*01 per cent, gelatin and 0*003 M magnesium as described 
by McCarty and the flow time determined for varying substrate 
concentrations. A typical curve of this relationship is given in fig. 1- 
(Ostwald viscometers, bulb volume 1*5 ml., capillary diameter 
0*63 mm. ; flow time for 2*2 ml. buffer, 50 sec. ; working temperature, 
37 *^ 0 .). 

From curves similar to fig. 1 a concentration of substrate was 
chosen to give a flow time of about 120 sec. Two ml. of substrate o 
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this concentration were warmed to 37® C. in a water bath, 0*2 ml. 
of warmed filtrate added and the time of mixing noted. The mixture 



Fia. 1.—Relationship between concentration of sodium deoxyribonucleat© 
and flow time imder constant conditions. 

was then transferred to the viscometer and the flow-time (/^) deter¬ 
mined 20 min, after mixing. Swyer and Emmens’s (1947) flow-time 
function 

_ 1000 (/.-/,) 
f.-fo 


was then calculated; is flow-time for buffer, /, is flow-time for 
substrate, is flow-time for substrate-filtrate mixture. Eig. 2 is a 
typical curve of the relationship between v and filtrate concentration. 
Eiltrates could readily be compared with one another by comparing 
the amoimts of the ^trates producing some standard effect on the 
value of V. 

The viscosity-reducing activity of CL septicum filtrates was inhibited 
by Cl. septicum antisera, but not by normal horse sera, and it was 
found possible to calibrate sera by making use of this inhibitory 
effect. Owing to the day-to-day variation in viscosity of substrate 
and effect of enzyme, the ordinary indicator methods in which sera 
are compared witli a standard for their capacity to reduce the activity 
of a test dose of the antigen to the standard indicating effect, could 
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not be used, and the value of the sera was recorded as the reciprocal 
of the amount of serum that reduced the activity of a fixed quantity 
of enzyme to one-half. After numerous experiments the unit enzyme 
was defined as that produced by 0-2 ml. of Cl. septicum filtrate AV 1008 
(diluted 1 in 40 in 1 per cent, peptone broth plus 0-003 M magnesium) 
added to 2 ml. substrate. Values of v were determined for a series of 
multiples of this enzyme concentration, e.g. 1 -5, 2 and 3. 



ENZYME UNITS IN I ML. MIXTURE-^ 

Fig. 2. —Relationship between concentration of deoxyribonuclease and Swyer 
and Emmens’s flow-time function v for enzyme-substrate mixtures. 

Mixtures were then made containing one volume of AV 1008 
diluted 1 in 5 and 1 volume of appropriate dilutions of the antiserum ; 
these were allowed to stand for 30 mins. 0*2 ml. of each mixture was 
then added to 2 ml, of substrate, warmed to 37° C. and v determined 
20 rains, after mixing. If no antiserum was present the v value for 
the mixture would be that of 4 enzyme units; if antiserum was 
present v would correspond to less enzyme ; the amount of serum 
present in the mixture having an activity equal to that of 2 enzyme 
units (flow-time ?; 5 q) could readily be determined by interpolation. 
Duplicate determinations on different days gave excellent agreement. 

Kg. 3 gives the results for serum EX 654 and Kg. 4 those for 
EX 630 and GVP 1603, It will be noted that there is considerable 
variety in the form of the relationship between v and the amount of 
antiserum present. 



ML.SERUH IN SERUM-ENZYME MIXTURES 
O-OOIS 0002 00025 



Fio. 3.—^Titration of serum EX 664 for antideosyribonucleaso. Open circles, v 
values for dnutions of enzyme ; black circles, v values for enzyme-serum mixtures. 
13 value of V corresponding io balF tbe enzyme used in the serum test. 


ML. SERUM IN SERUM-ENZYME MIXTURES 



Flo. 4.—^Titration of Wo sera for antideoxyribonuclease. Symbols as in fig. 3- 
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Serum GVP 1603 gave an average value of 11,000 in viscosity 
tests. As it had been used as standard in slide tests at a value of 
1000 units aU the serum values obtained in viscosity-reduction tests 
were divided by 11, to make the comparison with slide tests simpler. 

In table II the adjusted results for 8 sera are compared with those 
determined in slide tests. It is clear that the ratios between the 
values of sera obtained in the two tests are practically constant; it 

Table II 


Serum values against Cl. septicum filtrates in slide tests eomjpared with the values 
obtained in viscosity-reduction tests using sodium deozyribonucleate as sub¬ 
strate, to show that p-toxin is a deoxyribonuclease 


Scrum 


Scnira values 


In slide tests ngslnst nitrate 

In viscosity-reduction 
tests against filtrate 
AV 1003 

AV 1002 

AV lOOS 

aVP 1416 1 


210 

180 

GVP 1003 * 

1000 

1000 

1000 

EX 630 

100 

110 

100 

EX 637 

80 

76 

90 

EX 639 

25 

25 

31 

EX 640 

<8 

<5 

C-8 

EX 654 

45 

60 

47 


• StAndard. 


is probable therefore that the substance in CL sepiioum filtrates active 
in the slide test against fixed rabbit leucocytes (^-toxin) is a deoxy¬ 
ribonuclease. It is not a phosphatase, for the CL scpticitm filtrates 
used had little or no phosphatase activity against sodium phenol- 
phthalein phosphate ; Cl. welchii filtrates that contained much more 
phosphatase as judged by this test, had relatively little deoxyribo¬ 
nuclease activity. 

ACBA^^ tests for Cl, septicum deoxyribo7iuclease and its 

antibody 

Both the tests for CL septicum deoxyribonuclease so far described 
are troublesome and time-consuming. We have already shown 
{Oakley and Warrack, 1951) that the “ ACRA ” test devised by Burnet 
(1948) can be used to demonstrate deoxyribonuclease and to calibrate 
sera for specific antibody. The test is simple, and takes little time. 

Serum GVP 1416, with antideox 3 nibonuclease value 210 units as 
determined by slide tests, was used as standard ; the tests were done 
at the 0*25 unit level at 20 per cent, differences and the test dose 
contained about 60 standard indicating doses. The techmque for 
calibrating the remaining sera was that given by Oakley and Warrack. 
The values so obtained are given in table III, together with those 
obtained in slide and viscosity tests ; it is evident that all three methods 
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give much the same values for the sera, and we conclude that aU 
three methods determine the same antibody —Cl sepitcum antideoxy- 
nbonuclease, i e Cl sepficnm p-antito\m 

Table m 

Scrum values against a Cl eepticum filtrate to show that slide tests, viscosity 
reduction tests and modified tests measure the same antibody 

(jS antitoxin), and a comparison vnth lalucs obtained against Cl welchii 
filtrates m modified **ACRA ” tests to show that Cl septicum and Cl welchii 
deoxyribonuclease arc antigemcally distinct 


Senjin 

Scrum 'V'alues ngainst 

Ct gfpticum filtrate 

Ct uelc/tii filtrate 


In sHle tc«ts 

In viscosity 
reduction tests 

in ACRA tests 

in ACRA tests 

GVP G68 

140 


no 

<10 

GVP 1303 

100 


185 


GVP 1416 

210 

180 

210 

<10 

EX G30 

70 

90 

60 

<I 

EX 637 

75 

90 

105 

<1 

EX 039 

26 

31 

27 

<1 

EX 040 

<5 

G 8 

3 

<1 

EX 654 

50 

47 

47 

<1 

EX 1274 

<10 


<2 

420 

GIVP 2081 

<10 


2 

ISO 


Values obtained m 1950 


The values of the same sera against Gl iielclm type A filtrates m 
** ACRA ” tests are also given in table III to show that Gl tvelclm 
deoxyribonuclease is unmunologically distinct from that of Cl 
sepheum 

SunntARY 

Cl sephcim deoxynbonuclease {p tovm) may be demonstrated m 
Cl sepiicum filtrates by its action on films of fixed rabbit leucocytes, 
by its ability to reduce the Mscosity of solutions of sodium 
deoxyribonucleate, and by its ability, when mixed with sodium deoxy 
nbonucleate, to modify the “blob” formed m a modified “ACRA” test 

By the use of these three indicator effects, it is possible to calibrate 
antisera for Cl septicum antideoxynbonuclease {Cl sepiicum p anti- 
toxm) Gl sepiicum deoxynbonuclease is antigemcally distinct from 
the deoxynbonuclease of Cl welclm type A 

We are very grateful to IVIiss B Sievewright and Miss E Hart for considerable 
technical assistance 
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TOXIN-PRODUCING DIPHTHERIA-LIKE ORGANISMS 
ISOLATED FROM CASES OF SORE THROAT 

R. Saxholm 

From the Department of Bacteriology, State X7i8iitute for 
Puhlio Health, Oslo 

(Plate XLVII) 

A KTJMBER of strains resembling Corynebacterinm dipJithericE in certain 
properties but differing in others have been isolated in this laboratory. 
They produce diphtheria toxin and were associated with outbreaks 
of sore throat suggestive of diphtlieria. 

In 1928 Mair described a diphtheria-like strain which differed 
from C. diphtheria in producing intradermal reactions in guinea-pigs 
which could not be prevented by diphtheria antitoxin. Diphtheria 
antitoxin, however, protected against the otherwise lethal effect of 
subcutaneous injection of the culture, although it did not prevent 
the formation of a local abscess. Barratt later (1933) found that the 
strain fermented starch and liquefied gelatin. Petrie and McClean 
(1934) found that Mair’s strain produced a toxin immunologicaUy 
identical with diphtheria toxin and a toxic element not neutralised 
by diphtheria antitoxin but apparently related to the toxin of Goryne- 
bacterhim ovis. Jebb (1948) described strains in many ways similar 
to C. diphthericB and G. ovis. They could be distinguished, however, 
by late fermentation of trehalose, liquefaction of gelatin slopes at 
room temperature and failure to reduce nitrates. Cultures of these 
strains caused skin reactions in guinea-pigs fully protected with 
diphtheria antitoxin, and diphtheria antitoxin might or might not 
protect guinea-pigs from the lethal effect of subcutaneous injections. 
No certain conclusion about their epidemiological importance could 
be drawn. 

Material 

The material consists of 13 strains isolated from swabs sent to this Institute 
for examination for O. diphtheria:. The strains are designated with the following 
nimibers2921/49, 2929/49, 2972/49, 728/60, 740/60, 842/60, 892/60, 903/60, 
1254/60, 1329/60, 1620/50, 1605/50, and 1634/50. 

EPIDEanOLOGICAD Aim CUCNICAD DATA 

Strain 2921/49 was isolated at the beginning of November 1949 from a 
boy aged 5J years who lived in a densely populated district near Oslo (Bcerum). 
The patient was ill for more than a week with fever (about 38-39® C.), swelling 
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of the tonsils and a yellowish-white membrane not extending beyond the tonsils. 
When the presence of diphtheria bacilli was reported, he was admitted to 
hospital. The submandibular lymph nodes were enlarged. He had previously 
been immunised against diphtheria. Strains with the same properties were 
repeatedly isolated from his throat. 

Strain 1329/50 was isolated at the end of June 1950 from a 34-year-old 
boy living in the same district at a distance of 6 kilometres from the first patient. 
No contact between the two was known. This patient had remittent fever 
up to 40^" C. lasting for about a week. He had sore tliroat, moderately enlarged 
cervical ljunph nodes and swollen tonsils showing discrete specks, later coalescing 
to a membrane, which, however, did not extent beyond the tonsils. The patient 
was admitted to hospital. The doctor in charge of the two patients noted that 
the membranes were thin and veil-like in both cases. 

Strain 1605/50 was isolated from a 4-year-old boy in the same district in 
September 1950, He had a mild sore throat and fever, with a membrane on 
the tonsils. He lived on a farm about 100 metres from the home of the second 
patient. The disease might well have been a mild case of diphtheria, against 
which he hod not been immunised. 

Strains 2929/49 and 2972/49 were isolated in the middle of November 1949 
from a 24-ycar-old boy and his 7-year-old sister, living in a country district 
(Toten) about 200 kilometres north of Oslo. The boy had been ill for about a 
fortnight with sore throat and remittent fever, starting at 40*5'’ C. and later 
decreasing. A membrane covered the tonsils but did not extend beyond them. 
No enlargement of cervical glands was reported. The girl, who had been 
immimised against diphtheria several years before, had no complaint, but slight 
elevation of temperature (37*8° C.) was found on the evening when the swab 
was taken. 

Strain 1520/50 wa^ isolated in the middle of August 1950 from a man aged 
30 years, living in the same district at a distance of about 20 kilometres from 
the last two cases. Tlie man had been ill for two days with slight fever and sore 
throat. The tonsils were enlarged, but no membrane and no enlargement of 
the regional glands were observed. He had been immunised against diphtheria 
some years before. 

After this report had been prepared, still another strain, apparently of the 
same type, was isolated from a case of sore throat, suspected of being diphtheria, 
in the same district. The study of this strain is not yet complete. 

Tlie 7 remaining strains were isolated from Southern Norway (Setesdal), 
2 from cases of sore tliroat, the rest from carriers. The first strain (740/50) 
was isolated in March 1950 from a girl who had clinical symptoms of diphtheria, 
but details are not known. Strains of the same type were isolated on one or more 
occasions from 3 members of her family, and from one teacher and 5 pupils of 
schools in this locality. One of the pupils was Imown to have had a sore throat 
about one month before the girl was taken ill. The doctor in charge of the 
epidemiological survey states that there had been several other cases of mild 
sore throat in the district some time previously, but the cases had not been 
sufficiently severe to attract attention. Ho had himself treated a suspected case 
of diphtheria in January, and another doctor in the locality had a similar case 
some time afterwards. Later in the summer, there was a new case with slight 
symptoms—oedema of the tonsils and uvula, headache and slight fever for a 
few days. It seems probable that some of these cases may have been due to 
infection with the same organism. 

In 1943 there was an epidemic of diphtheria in the district and extensive 
immunisation was carried out. It is known that many of the carriers, including 
the family of the last-mentioned patient, had been immumsed at that time. 

The latest case so far observed appeared in September 1950 (strain 1634/50^ 
This was a woman in the sixties who was taken ill with fever, sore throat an 
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an inflammatory condition of the nose. Tlie fever—between 38 and 39® C.— 
lasted for about a week. Tlie tonsils were swollen, red and succulent, but free 
from membrane, although material resembling diphtheria membrane was dis¬ 
charged from the nose. There was no definite enlargement of the regional 
lymph nodes. Tlie symptoms fitted well with a diagnosis of diphtheria and it 
was considered that she must have been in contact with some of the carriers. 

So far there has been no report of paresis in any of the patients and none 
of them has been seriously ill. 

It should also be mentioned that typical diphtheria bacilli have not been 
isolated from any of the three districts within recent months. 


Bacteriological observations 
Morphology and ctiltural characteristics 

The organisms are Gram-positive pleomorphic rods, often exhibiting 
an almost coccal form, hut diphtheria-like rods, short rods and coccoid 
elements may all be found in the same film. The rods sometimes 
resemble those of G. diphtheria:, with the typical arrangement, but at 
other times the arrangement tends to be parallel. Metachromatic 
granules are present, but are often few. They are as a rule irregularly 
distributed in the organisms and sometimes only in one end. No 
spores have been observed. 

Growth of the strains on different media is more abundant than 
that of G. diphtheria:. On blood-agar after 24 hours at 37® C. the 
colonies have a diameter of 0*5-1 mm., and are convex, yeUowish- 
white, and opaque, and surrounded by a narrow zone of partial 
hffimolysis. The colonies are friable and, when touched, tend to slide 
along the surface of the medium. Marked sputtering is noted if an 
infected loop is put into a gas flame. The colonies of G. diphtherice 
strains used as controls have a diameter of about half the size, are 
lower, greyish and more translucent, and they do not sputter in the 
flame. 

Growth on Loeffler’s serum is abundant. Ten per cent, serum- 
broth cultures show a surface pellicle, strong turbidity and a granular 
deposit. On McLeod^s tellurite medium (Anderson et aL, 1931) well 
isolated, fully developed colonies (fig. 1) show a resemblance to the 
gravis type of colony. Thus, radial stripes may sometimes be seen 
and the edge of the colonies is slightly irregular although apparently 
to a lesser degree than with gravis. More crowded colonies are regular 
and smooth with a shiny or sometimes waxy lustre. The size is about 
the same as that of gravis colonies. 


Biochemical properties 

In Hiss’s medium the strains ferment glucose, maltose, laevulose, 
galactose and dextrin within 24 hours, starch within 24-48 hours 
and trehalose after several days—4 to 10 in different tests. Some of 
the strains produce weak acid in glycerol after 10 days or more. 
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Mannitol and saccharose are not fermented. The methyl red reaction 
is positive and tests for indol and acetylmethylcarbinol are negative. 
Gelatin stabs and slopes are slowly liquefied, starting from the second 
to fifth day. Nitrates are not reduced. Urea is readily decomposed. 
The phenylalanine reaction (Henriksen, 1950) is negative. On Tinsdale’s 
(1947) medium the colonies are brownish-black and surrounded by a 
distinct brown halo, exactly lil^e diphtheria colonies. 


Serological and animal experiments 

The strains were tested on plates as described by Ouchterlony 
(1949). The trenches were filled with serum-agar containing 40 anti¬ 
toxin units per ml. A Park-Williams no. 8 (PW8) strain was used 
as a control. AU the strains produced bands of precipitate readily 
visible within 3 or 4 days. A turbid halo was frequently formed 
along the streaks of the test strains but never along the PW8 strain. 
The halos did not interfere with the precipitate bands and did not 
appear to be due to any specific precipitation but rather to a non¬ 
specific efiect on the serum protein in the medium. Kg. 2 shows a 
plate inoculated with a representative strain from each outbreak 
and a PW8 strain. The precipitate bands start from the streaks of 
growth as straight fines and deviate towards the trench in the region 
where they meet the precipitate bands &om the adjacent strains. 
The bands formed by the strains unite with each other and form an 
unbroken single curve. The precipitate bands of PW8 take off nearer 
to the trench than the bands formed hy the other strains, and the 
crossing points with these precipitate bands are displaced nearer to 
the other strains, indicating that PW8 produces a more potent toxin. 

Guinea-pigs and rabbits were used in the animal tests. Toxins of 
the strains under investigation and of a PW8 strain were obtained 
by filtering 9-day-oId cultures in Martinis (1898, p. 32) broth prepared 
according to a modified formula received from the State Bacteriological 
Laboratory, Stocldiolm. Toxins of the strains 2921, 2929, 2972, 
1329 and 1254 were injected in amounts of 1 ml. subcutaneously 
in the right thigh of guinea-pigs weighing about 250 g. Strains 2921, 
2929 and 2972 were tested twice. Other guinea-pigs were inoculated 
subcutaneously with the same quantities of the toxins, previously 
incubated for 3 hours at 37^^ C. with 0-1 ml. diphtheria antitoxin 
(8000 units/ml.). All the guinea-pigs which received 1 ml. of the 
toxin alone died within 2 days. The post-mortem showed a hsemor- 
rhagic area at the site of inoculation, an increased amount of fluid 
in the peritoneal cavity, congested and hsemorrhagic abdominal 
viscera and, in particular, greatly swollen and congested adrenal 
glands. The guinea-pigs which received antitoxin as well survived r 
they were killed after five days and at autopsy showed no lesions at 
the site of inoculation or in the viscera. 

The toxins of all strains under test and 3 strains of G, diphihericB were 
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Fio. 1.—Colonics of tho diplithcrin-liKo orgnnism on JIcLcod’fl tcllnrite medium. 
Only one of thn colonies phous u slight indiention of rndinl stnjjing. This pheno¬ 
menon often njipenred to n more mnrhed degree in MoU-Repnrnted colonics, 
xc. 10. 



Fra. 2.—Oucliterlony plate Rho\Mng precipitate hands. Tho central streak is tho 
Park-Williams no. 8 (PW8) strain, tho peripheral streaks are ropresentntivo 
strains from tho throe different districts. Tho asymmetry of tho precipitate 
bands between tho PWS and tho neighhonnng strains snggp?^ts that tho toxin 
of tho former is more potent x c. 1 8. 
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injected intradermally into 2 sets of guinea-pigs, 4-6 injections in each, 
in amoiints of 0*2 ml. Tlie first set of guinea-pigs received 1000 units 
of diphtheria antitoxin subcutaneously on the day before the injection, 
whereas the second set received 30 units 3 hours after injection. On 
the second day, redness and slightly elevated infiltrations were evident, 
and necrosis had started in the skin of the guinea-pigs given 30 units 
of antitoxin. The necrosis increased in the next few days. Prom 
about the fifth day the lesions started to heal. The lesions at the 
sites injected with diphtheria toxin were more marked than those in 
the animals injected with the test toxins. No skin lesions occurred 
in the guinea-pigs which received 1000 units of antitoxin. Toxins of 
strains 2921, 2929, 2972 and PW8, produced in broth from the same 
batch, were injected in amounts of 0*1 ml. into the depilated skin of 
a rabbit in the dilutions 1 in 80, 1 in 160, 1 in 2000 and 1 in 8000. 
Observations on the second day showed that injections of the test 
toxins in the two highest dilutions caused a reddened area of 8-12 mm. 
diameter, whereas the PW8 toxin produced redness and infiltration 
of 12-14 mm. diameter. Correspondingly the two lowest dilutions of 
the test toxins produced redness and infiltration of 12-20 mm. diameter, 
whereas the PW8 toxin produced redness, infiltration and necrosis 
of 25 mm. diameter. In control tests, diphtheria antitoxin was found 
to prevent the skin lesions. 

Intradermal tests in guinea-pigs were also performed by a similar 
method to that used by Jebb. Suspensions of 0*2 ml. of growth on 
Loefifler’s slopes of all the strains under test and 3 control strains of 
C. diphthericot including PW8, were used for these injections. Two 
sets of guinea-pigs were used, one protected with 1000 units of 
diphtheria antitoxin before injection and the second with 30 units 
3 hours after injection. Redness, infiltration and necrosis occurred 
at the site of injection of the test strains in both sets of guinea-pigs. 
The most marked lesions occurred in those protected with 30 units of 
diphtheria antitoxin and injected with suspensions of (7. dipTitJierice. 
Suspensions of C. diphtherice did not produce lesions in guinea-pigs 
protected with 1000 units of diphtheria antitoxin, 

Disotjssiok 

Diphtheria was very frequent in Norway a few years ago. Before 
1939 mitis and intermedius were the most frequent types, whereas 
these were almost entirely displaced by gravis in the extensive epidemics 
during the war of 1939-46, Lately, diphtheria caused by the recognised 
types has decreased greatly and more extensive epidemics have not 
appeared. It seems reasonable to assume that the relative decrease 
of typical (7. diphtherice may have facilitated the recognition of rare 
atypical strains such as those described in this paper. Still, it is 
striking that a great proportion of the few strains isolated during the 
last year from cases of suspected diphtheria were atypical organisms. 
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The strains here described were alike in all properties studied. 
Most of these properties were the same as those of G. diphtlierid, 
from which they differed, however, in their liquefying gelatin, reducing 
nitrates and decomposing urea. Furthermore they showed slow 
fermentation of trehalose, as did the strains described by Jebb. As 
already stated, the strains showed a marked difference from 0. 
di^UMrim both microscopically and in the appearance of the colonies. 
Pleomorphism was characteristic of aU the strains, although some 
tended to appear mostly as rods, others as coccoid elements, and 
variations were observed in different cultures of the same strain. 
The atypical strains showed a more vigorous growth than G. diphtherioe 
on the various media. 


There is ample evidence that the strains produce diphtheria toxin. 
Thus, on Ouchterlony plates they reacted with diphtheria antitoxin 
in the same manner as diphtheria strains. Further, where the toxins 
from a test strain and from a control strain of G, diphiherice diffused 
into the same area, a summation of effect was shown by the deviation 
and union of the precipitate bands into a single unbroken curve. 
The toxins could be separated from broth cultures by filtration, and, 
when injected subcutaneously, caused death of guinea-pigs with the 
same post-mortem changes as those produced by diphtheria toxin. 
Intradermal injections in guinea-pigs or rabbits also caused reactions 
similar to those of diphtheria toxin. The effects of the toxin were 
neutralised by diphtheria antitoxin. 

Diphtheria antitoxin, however, did not give complete protection 
against the effect of the intradermal injection of unliltered cultures, 
as it did with diphtheria strains, but only reduced the intensity of 
the reactions. These results suggest that some additional non- 


filterable, toxic factor may be present in the cultures. 

The precipitate bands on Ouchterlony plates give a rough graphic 
estimate of the relative strength of the toxins. Wlien it is realised 
that the antitoxin concentration is approximately equal at equal 
distances from the trench, it is obvious that differences in the position 
and course of individual precipitate bands are determined by the relative 
concentrations of toxin. Precipitate bands produced by the PW8 
strain take off closer to the antitoxin trench than the bands of the test 
strain (fig. 2), and the crossing points with the bands of these strains 
are further removed from PW8 than from the other culture, indicating 


that the toxin of PW8 is produced in greater quantity. The strains 
shown in fig. 2 were selected from different districts and the graphs 
indicate that they produce about equally strong toxins. By com¬ 
parison of the skin reactions caused by toxins produced under the 
same conditions, it was found that dilutions of 1 in 2000 to 1 in 8000 
of PW8 toxin gave approximately the same reactions as dilutions 
of 1 in 80 to 1 in 160 of the toxins of strains 2921, 2929 and 2972. 
According to both these tests, then, the atypical strains appear to 


produce a weaker toxin than the PW8 strain. 
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The strains came from 3 widely separated districts in the country. 
They were isolated from both sporadic cases and healthy carriers. 
In one of the districts the organism was isolated from a boy who 
had sore throat and fever and from his sister who at the same time 
had a slightly elevated temperature for one evening, but no sore 
tliroat. The girl had been immunised against diphtheria some years 
before. In two districts sporadic cases occurred at different times 
and in different localities. No connection between the cases was 
known. In the third district there were at least two clinical cases 
and the organism was also isolated from 10 out of a considerable 
number of contacts examined. Only 6 of these strains were included 
in the present study. In this district extensive immunisation against 
diphtheria had been carried out some years before, and some of the 
healthy carriers, but not the patients, had been immunised. The 
organism was isolated on several occasions both from the patients 
and from some of the carriers. 

The available evidence suggests that this organism can cause sore 
throat resembling diphtheria, although the presence of other pathogenic 
organisms has not been excluded. In the clinical cases associated 
with these strains, the lesions in the throat were less marked than is 
usual in diphtheria and the patients were less affected by the disease. 
The membranes were thin and did not extend beyond the tonsils, 
and there was only slight to moderate enlargement of the regional 
glands. The clinical course of the disease was about the same as in 
mild diphtheria. All the patients had fever and were confined to 
bed for 1-2 weeks. No severe cases were observed. This may bo 
because of the weaker toxin production of the atypical strains as 
compared with the control strains of G. diphtherioi. In laboratory 
diagnosis it would seem advisable to report such strains as diphtheria 
bacilli and to give the patients diphtheria antitoxin until more is 
known about their actual role as pathogens. 

It may be difficult or impossible to detect the strains by micro¬ 
scopical examination of primary serum cultures, as they frequently 
present a coccoid appearance. The rods may be few and short, with 
few metachromatic granules. The growth on Tinsdale’s medium is a 
valuable aid in the diagnosis. I’urther, in contrast to G. dipUherim 
the strains readily decompose urea. In addition, the appearance 
'of the colonies on blood-agar and their friable consistency, the marked 
tendency to slide on the medium when touched and to sputter in the 
flame, are characteristic signs. The appearance of the colonies and 
the fermentation reactions might easily lead to confusion with the 
gravis type of C. diplitlierice. 

The cultural and morphological properties reported for the strains 
of Mair and of Jebb suggest that they may be closely related to the 
present strains. However, only 2 of Jebb’s 26 strains gave a definitely 
positive methyl-red reaction. Jebb did not use the urease reaction, 
the phenylalanine reaction, cultivation on Tinsdale’s medium or 
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flocculation tests with diphtheria antitoxin. In contrast to the 
observations made with the present strains, Petrie and McClean 
found that a filtered broth culture of Mair’s strain caused skin lesions 
when injected into highly protected guinea-pigs. The doses of culture 
injected in their experiments seemed to be approximately the same 
as or shghtly less than those used in the tests with the present strains. 
Thus Petrie and McClean (p. 658) used two, one, and one-half of a 
subcutaneous lethal dose (0-2, 0*1 and 0-05 ml.) of a broth culture 
grown for 9 days before filtering. My filtrates were likewise prepared 
from 9-day broth cultures, and in one case the dose used for injection 
(0-2 ml.) was found on rough estimation to contain 2 subcutaneous 
lethal doses. The effect of intradermal injections of filtered broth 
cultures of Jebb’s strains into protected guinea-pigs has not been 
reported. Henriksen found that the results of the urease test 
and the phenjdalanine reaction are usually parallel in the Entero- 
bacteriacese. This was not so with the atypical diphtheria strains 
and it may be concluded that bacteria producing urease will not always 
decompose phenylalanine to phenylpyruvic acid. 

The atypical strains form an entity related to, but clearly dis¬ 
tinguishable from, (7. diphtherice. Their properties are also similar 
to those of other species in the genus Corynebacterium, but do not 
agree in all respects with those of any recognised species. At present 
it is not possible to classify the strains here described in relation to 
those of Jebb and of Mair. The type of organism now described 
certainly seems to belong to the genus Corynebacterium, but its 
position within the genus may be a matter of opinion. 

It might be included under G, diplitherice as a separate type or 
variety. Practical considerations might favour this, but the proposal 
would necessitate some changes in the description of the species in 
order to admit the new type. Alternatively it might be considered 
as a separate species of Corynebacterium, closely related to C, 
diphtherice. The biochemical and morphological differences might be 
held to be sufiScient to favour this alternative. Eor the present, the 
best position seems to be that more knowledge should be gained 
about these organisms and their clinical significance before a final 
decision is made. 

SinviMAiiY 

A number of diphtheria-like strains have been isolated from the 
throat in cases of sore throat suggestive of diphtheria and from 
healthy contacts of these patients. The strains produce diphtheria 
toxin and possibly an additional non-filterable toxic factor. 

They differ from typical strains of CorynebacteriuTn diplitherice both 
morphologically and culturally, and in liquefying gelatin, decomposing 
urea, fermenting trehalose and failing to reduce nitrates. They 
ferment starch and show a marked resemblance to the gravis type. 
The strains form a uniform group, whose taxonomy is discussed. 
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I am indebted to Dr E. S. Tdnnessen of the Serum Department of this 
Institute for advice and assistance "with the study of the toxin production 
and to Mr E. J, Schjerven and Mr K. PorsbSll for the photographs for figs. 2 
and 1 respectively. Valuable technical assistance was given by Sliss I* J. 
Tonsberg and Miss E. Marthinsen. 
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NASAL CARRIER RATES OF STAPHYLOCOCCUS 
PYOGENES IN HOSPITAL NURSES 

Phyllis Rounteee and R. G. H. BAHBOtm 

From the Fairfax Institute of Pathology^ Royal Prince Alfred 
Hospital^ Sydney 

pBEVioup studies of the nasal carrier rates of Staph, pyogenes which 
established that these organisms can be isolated from the noses of 
22-45 per cent, of healthy adults were summarised by IMiles, Williams 
and Clayton-Cooper (1944). These workers examining both out¬ 
patients and in-patients in a Birmingham hospital found a mean 
carrier rate of 47*4 per cent. However, slightly higher carrier rates 
in the hospital population, both patients and nurses, led them to 
suggest that in a few nurses the hospital environment either induces 
the carrier state or makes manifest a latent carrier state. 

Since their observations were made, the method of phage-t 3 rpmg 
of Wilson and Atkinson (1945) has allowed a more precise differentiation 
of the various types of Staph, pyogenes. In addition, recent studies 
(Barber and Whitehead, 1949 ; Rountree and Thomson, 1949) have 
demonstrated much higher nasal carrier rates for penicillin-resistant 
strains of Staph, pyogenes in the medical and nursing staff than were 
found in samples of the general population. Phage typing has shown 
that the predominant penicillin-resistant staphylococci in any particular 
hospital may comprise only a few phage types. 

It therefore became of interest to determine at what stage in 
their hospital careers nurses became nasal carriers of these penicillin- 
reaistant strains. The survey reported in the present paper was 
designed to secure information on this particular question. It also 
afforded the opportunity to study the duration of nasal carriage of 
particular strains, the occurrence of more than one strain in individual 
noses and the possible antagonistic effect of antibiotic production 
by certain strains of Staph, pyogenes. 

The nursing population examined 

In tliis hospital, trainee nurses are admitted in groups every 
6-8 weeks and spend six weeks in a preliminary training school before 
entering the hospital wards. In the hospital they are distributed in 
ones and twos throughout the wards. Pive consecutive groups 
entering the preliminary training school between June 1949 and 
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Janxiary 1950 and comprising a total of 127 nurses were studied. 
On the day of their arrival at the hospital, swabs were taken from 
the anterior nares with swab sticks moistened with a little nutrient 
broth. The swabbing was repeated on the last day of the training 
school, after five weeks in the wards and again after an interval of a 
further five weeks. Each nurse was therefore examined 4 times over 
a period of 16 weeks. 


Methods 

Swabs were plated directly on to blood-agar plates which were then incubated 
for 18-24 hours at 37® C. Colonies suspected to be Staph, pyogenes were tested 
for coagulase by the slide method (Cadness-Graves et aL, 1943); if negative, 
tube tests were set up. Any obvious morphological differences such as degree 
of haemolysis, pigment production or roughness apparent between colonies on 
individual plates were noted and an example of each different colony was 
picked into broth. If no differences could be detected, one colony only was 
picked from each plate. 

Further identification consisted of phage typing by the method of Wilson 
and Atkinson and of determination of penicillin and streptomycin sensitivity 
by the plate method previously described {Rountree and Thomson). 

For a screening test of ability to produce antibiotic, a strain of Staph, 
pyogenes (R. 2476) isolated at the Staphjdococcal Reference Laboratory, Colindale, 
and Imown to produce a large amount of antibiotic, was inoculated in a streak 
across the centre of a 10 per cent, horse-serum agar plate. After 24 hours’ 
incubation, the plate was then inoculated with loopfuls of broth cultures of the 
strains to be tested by streaking at right angles to the primary inoculum. A 
control culture of the penicillin-sensitive Oxford H strain of Staphylococcus 
was included on each plate. After a further 24 hours’ incubation the zones 
of inhibition of growth produced by R. 2476 were measured and compared 
with that of the H strain. Preliminary tests had shown that strains in which 
no inhibition of growth occurred were themselves producers of antibiotic. It 
was therefore assumed that absence of inliibition by R. 2476 indicated antibiotic 
production by the non-inhibited strain. All strains were dried soon after 
isolation and stored in case it should be required to compare them with further 
strains isolated from the same nurse. 

Since the validity of conclusions drawn from results obtained by examining 
only one colony from each positive plate depended on the assumption that only 
one specific type of Staph, pyogenes was present in the nose at a particular time, 
it was desirable to find out what proportion of plates might contain more than 
one type. This information was obtained partly by the observations of differences 
in colony appearance. Of 280 positive plates examined, 7(2-5 per cent.) obviously 
contained two types of colony which were subsequently differentiated by phage 
typing. Two of these plates came from the same individual. However, a 
further check was made of a proportion of the plates on which the colonies 
showed no morphological differences. After the phage type of the original 
colony picked had been ascertained, further colonies were tested for phage type 
using only the phages to which the first colony had been susceptible, K no 
reactions were obtained, the cultures were re-typed with the complete range of 
phages. A total of 80 plates was examined in this way. From 69 of them at 
least 10 colonies were picked. From the remaining 11 plates, which did not 
contain as many as 10 colonies, all colonies present were examined. In 6 of 
the 80 plates (7-6 per cent.) two distinct phage tjrpes were detected; two of 
these plates came from the same individual. In the remainder of the 80 plates, 
only one phage type was detected on each plate. 
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Combining these two sots of observations we found that m 13 (4 6 per cent.) 
of 280 positive plates, two phage types of Staph, pyogenes were detected. The 
exact proportion of nurses examined who carried more than one typo was, 
howe\er, more difficult to estimate accurately. To do this, many colonies from 
every plate would have had to be examined. This was impracticable for various 
reasons • 35 of the strains exammed wore not typablo ; some plates grow only 
I or 2 colonies, and the volume of work required would have been too great 
for the facilities available. Takmg into account the figure of 7 5 per cent, 
derived from the 80 plates exammed, w© arrived at an estimate of 10 per cent, 
which probably errs on the high side. Since 4’6 per cent, of these double carriers 
were actually detected by the methods used, the maximum error present m 
our results with regard to double carriers should not he more than 6 per cent. 


Results 

Crude carrier rate 

Table I shows the carrier rates observed in the five groups of nurses 
examined, together with the totals. The 127 nurses entering the 

Table I 

Nasal carrier rates of Staph, pyogenes, of penicillin-resistant strains of Staph, 
pyogenes and of penxcilUn- and streptomycin resistant strains of Staph, 
pyogenes in five groups of trainee nurfics entering hospital beiueen June 
1949 and January 1950 



Group 

Total 


B 

fl 

fl 

fl 

fl 

No 

Per cent 

(1) Entry into training school 








Number . ... 

36 

19 

23 

13 

36 

127 


CaTTiers of Staph pyogenes 

19 

8 

14 

10 

17 

68 

53 5 

Penicillm resistant 

1 

0 

1 

2 

1 

5 

4 

Streptomycm- and penicillin- 

0 

0 

0 

1 

0 

1 

0 8 

resistant 








(2) End of training school 








Number 

33 

19 

22 

11 

31 

116 


Carriers of Staph pyogenes 

14 

7 

16 

9 

15 

61 

62 6 

Penicillin resistant . 

0 

1 

2 

1 

1 

6 

4 3 

Streptomycm- and penicdlm- 

0 

0 

0 

0 

0 

0 

.. 

resistant 








(3) 5 toeeks tn wards 








Number 

32 

19 

21 

10 

30 

112 


Carriers of Staph pyogenes 

23 

14 

18 

8 

17 

80 

71 4 

Penicillin resistant , | 

14 

8 

4 

3 

7 

36 

32 1 

Streptomycin- and pemciUm- | 
resistant 

3 

6 

2 

3 

4 

18 

1 16 0 

(4) 10 weeks »n ttords ' 








Number 

30 

18 i 

21 

8 

27 

104 


Carriers of Staph, pyogenes 

22 

12 

14 

8 

16 

71 

1 68*1 

Penicillm-resistant . 1 

15 

7 1 

4 

4 

10 

40 

' 38 5 

Streptomycin- and penicillm- 
resistant ' 

1 

7 

2 

1 

4 

16 

14 4 


training school had a carrier rate of 53-5 per cent, with 5 (4 per cent.) 
canying penicillin-resistant strains and 1 a strain resistant to both 
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penicilliri and streptomycin. At tlie end of the training school 116 
nurses remained and little change in the crude carrier rates was 
apparent, 52-6 per cent, carrying Staph, pyogenes, 4-3 per cent, 
penicillin-resistant strains and none streptomycin-resistant strains. 
After five weeks in the wards, 112 nurses were available for examination. 
Eighty (71*4 per cent.) of these were now carriers. From 36 (32-1 per 
cent.) penicillin-resistant strains were isolated and 18 (16 per cent.) 
carried strains resistant to both penic illin and streptomycin. After 
10 weeks in the wards, 104 nurses were available for examination, 
71 (68-1 per cent.) of whom were carriers. From 40 (38-5 per cent.) 
peniciLlin-resistant strains were isolated and from 15 (14 per cent.) 
strains resistant to both penicillin and streptomycin. 

It was apparent therefore, that a period of five weeks in the wards 
had raised the carrier rate from 52-6 to 71-4 per cent., the penicillin- 
resistant carrier rate from 4-3 to 32-1 per cent, and the streptomycin- 
resistant carrier rate from 0 to 16 per cent. No significant changes 
in crude carrier rates had occurred in the training school or during 
the second period of 5 weeks in the wards. The same trends occurred 
in each of the five consecutive groups. 


Detailed analysis of the carrier rate 

Of the 127 nurses admitted to the training school 104 were still 
in the hospital at the final swabbing. The results of these 104 nurses 
are therefore suitable for detailed analj^sis. The figure shows the 
overall carrier rates of these 104 nurses, wliich did not differ 
substantially from the crude carrier rates given in table I. The results 
have been analysed with reference to the frequency of positive swabs, 
duration of carriage of particular strains, the relationship of environ¬ 
ment to changes in the carrier state, association of change in type 
carried with antibiotic production, and the distribution of phage 
types among the strains isolated. 

It should be noted that a number of strains were not typable with 
the phages available. However, if successive non-typable strains 
from the same person showed identical colonial appearances, sensitivity 
to penicillin and streptomycin and degree of inhibition by R.2476, 
they were regarded as being identical. In cases of doubt, the previously 
isolated dried strains were opened and compared with these freshly 
isolated. 

Frequency of positive swabs 

Table II gives the analysis of the number of occasions on which 
positive swabs were obtained from the same individual among 104 
nurses. It also shows in how many of those giving positive swabs 
a change in strain occurred at subsequent swabbings. 

Sixteen (15*4 per cent.) were consistently negative. Thirteen 
(12-6 per cent.) were positive on one occasion only. Of these, 7 
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Pei'ccnto^e 

of 

Nasal 

Gariricrfi 



Fio.—^Nnsal earner rates of Staph, pyogenes, of pemcillm resistant strains of Staph 
pyogenM and of penicillin- and streptomycin resistant strains of Staph pyogenes 
in 104 trainee nurses swabbed on 4 occasions in 1C weeks P.T S. i= prolumnary 
training school. 


Tauix H 

An analysis of the nasal earner state of 104 nurses each sivabbed 
on 4 occasions over a period of 16 weeks 


Observation 

Kumber 

Ter cent • 

Kegatwo on 4 occasions . . . , 

10 

16 

Po8ltl^ e on 1 occasion .... 

13 

13 

Po3iti\ e on 2 occasions .... 

21 


{a) same strain ..... 



(6) different strain . . . 

10 } 

20 

Positive on 3 occasions .... 

16 i 


(o) same strain .... 



(6) 2 different strains .... 

8 1 

16 

(c) 3 different strains .... 

2j 


Positive on 4 occasions .... 

38 


{o) same strain ... 

29 ) 


(6) different strain 

OJ 

37 


• To nearest whole number Corresponding figures In text gU cn to first place of decimals 
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showed only a few colonies, four gave a large number of colonies 
followed by negative swabs, and in two large numbers of colonies 
were obtained at the final swabbing. The majority of these single 
positive swabs can be regarded therefore as the result either of con¬ 
tamination of the nose just before swabbing or of only temporary 
colonisation. Twenty-one (20-2 per cent.) yielded two positive swabs. 
In 13 of these, the positive swabs were obtained on consecutive 
occasions after the nurses had gone into the wards. Prom 9 the same 
strain was isolated on both occasions and these positive cultures can 
be regarded as the result of colonisation of the nose consequent upon 
exposure to the staphylococci of the ward environment. AH save one 
were penicillin resistant. From the remaining 4 of these 13 nurses 
different strains were isolated at each swabbing but all were penicillin 
resistant. 

In 2 cases two positive swabs, both of the same were 

obtained in the training school and were followed by two negative 
swabs. In the remaining 6 nurses a first or second positive swab 
was followed by a negative, and at the 3rd or 4th swabbing a different 
strain was obtained. There were no cases in which the same strain 
could be identified from two positive swabs separated by a negative 
swab. This suggests that in intermittent carriers a strain previously 
present not detected at subsequent swabbing is unlikely to appear 
again unless re-introduced from the environment. From 16 (15*4 per 
cent.) nurses three positive swabs were obtained. In 6 of these 
the same strain was detected on 3 consecutive occasions. In 8 nurses 
different strains appeared after a negative result and in 2 three 
different strains were obtained on 3 different occasions. These last 
10 nurses may therefore be regarded as intermittent carriers. 

Pour positive swabs were obtained from 38 (36*5 per cent.) of the 
nurses. Prom 29 the same strain was isolated on each occasion, 
that is, each nurse was a constant carrier of the same type during the 
16 weeks she was observed. A change in the type of strain carried 
occurred in 9 nurses. Prom 8 of them a penicillin-resistant strain 
was isolated at the third or fourth swabbing. In the ninth nurse 
different strains were isolated at the first two swabbings while at the 
third and fourth swabbings two further strains were present together 
on each occasion. 

Envuionment and changes in the cabbieb state 

Changes in the prelimijiary training school. The six weeks spent 
in the preliminary training school served as a control period during 
which we could assess changes in the carrier state of individuals not 
exposed to the specific influence of the ward environment, although 
closely associated in the classrooms of the school. Although the 
crude carrier rates at the beginning and end of the school were identical, 
examination of the individual histories showed that some changes 
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had in fact taken place. Of the 50 non-carriers on entry, 8 had become 
carriers; and of the 64 carriers, 8 had become non-carriers and one 
had changed in tj^pe. Nine of 104 nurses, therefore, had acquired 
new strains in the training school. These 9 nurses were scattered 
throughout the five groups and a different strain was isolated from 
each. Seven of the strains were penicillin sensitive. Two were 
penicillin resistant and it is perhaps of some significance that one 
of these was obtained the day after the nurse concerned had returned 
from spending a week in the nurses* sick bay in the main part of the 
hospital. There was no evidence, therefore, that the environment of 
the training school tended to give rise to the carrier state or that 
any particular strain was 'widespread there. There also appeared 
to be little evidence of exchange of nasal strains between individuals 
living and working in fairly close contact in the school. 

Changes in the hospital wards. At the end of 5 weeks in the wards, 
the position was as follows. Of the 54 carriers entering the wards, 
8 had become non-carriers, 37 were still carrying the same strain as 
before and 9 had changed in type. Twenty-eight of the 50 non-carriers 
had become carriers, and negative swabs were obtained from 22. 
Thirty-seven (35*5 per cent.) of the 104 nurses had therefore acquired 
new strains in the wards, compared with 9 (8-G per cent.) in the 
training school. This difference of 2G per cent, between wards and 
training school is highly significant {x^ = 21*88, P<0*001). Twenty- 
seven of the 37 strains acquired in the wards were penicillin resistant. 

At the end of the second five weeks in the wards further changes 
had taken place. Of the 74 carriers, 50 were still carrying the same 
strain, 13 had become non-carriers and in 11 there had been a change 
in type. Of the 30 non-carriers at the beginning of this period, 10 
had become carriers. Nineteen of the 21 strains acquired during this 
period were penicillin resistant. 

During the 16 weeks of the investigation there was a proportion 
of carriers, therefore, who became non-carriers. This tendency was 
not correlated 'vvith environment since the proportion of carriers 
becoming non-carriers during the period in the training school and 
during the two periods of five weeks in the wards were 14*9, 14*9 and 
17*4 per cent, respectively. 

One further question can be answered by a study of the individual 
histories, Wlien exposed to staphylococci of the ward en'vironment 
did non-carriers acquire such strains more readily than those who 
were already carriers on entering the wards ? During the first 5 weeks 
in the wards 28 (56 per cent.) of the 50 non-carriers became carriers, 
compared with 9 (1G*6 per cent.) of 54 carriers who acquired strains 
different from those previously carried. This difference of 39*4 per 
cent, in favour of non-carriers acquiring ward strains is highly 
significant (x^ — 17*48, P< 0*001). When the second period in the 
wards is considered the difference is not so great, 11 (14*9 per cent.) 
of 74 carriers acquiring different strains compared with 10 (33 per 
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cent.) of 30 non-carriers becoming carriers. This difference of 18*1 
per cent, is significant (x^ — 4*45, P<0'05) but it suggests that by 
this time the non-carriers consisted chiefly of those who possessed 
a high degree of resistance to colonisation of their noses by Staph, 
pyogenes. 


pKODTTCTIOK OF ANTIBIOTIC BY THE NASAL STRAINS 

Some strains of staphylococci are known to produce an antibiotic 
capable of inhibiting the growth in artificial media of Corynebacteria 
and of other strains of staphylococci. Jennings and Sharp (1947) 
found that 23 of 202 strains of staphylococci examined were actively 
inhibitory for Corynebacterium xerosis and that most of these 23 straios 
also inhibited Staph, aureus^ strain H. The possibility of a correlation 
between ability of a strain of Staph, pyogenes to produce antibiotic 
and its ability to replace in the nose another strain not producing 
antibiotic is therefore of considerable interest. 

Two sets of data might be expected to provide evidence of such 
a correlation, namely, those in which there had been a change in the 
strain obtained at consecutive swabbings and those in which two 
distinct strains had been isolated at a single swabbing and in which 
the subsequent history was available. 

There were 21 occasions on which different strains were isolated 
at successive swabbings. In one nurse both strains were antibiotic 
producers. In 13 nurses both strains were antibiotic-negative. In 
2 nurses an antibiotic-negative followed an antibiotic-positive strain 
and in the remaining 5 an antibiotic-positive followed an antibiotic¬ 
negative strain. It is impossible, however, to be certain that in the 
interval between swabbings the individual did not become a non¬ 
carrier and then subsequently acquire the new strain. The consistency 
of the values obtained for conversion to the non-carrier state contrasted 
with the increase in carrier rate during the periods in the wards suggests 
that such an occurrence was probably not frequent; but the evidence 
offered by this set of data is inconclusive. 

There were 13 occasions on which two strains were isolated from 
the same swab. On 6 occasions both strains were antibiotic-negative. 
On 8 occasions one strain was an antibiotic producer capable of 
inliibiting on artificial media the growth of the other strain. In two 
of the nurses the pair of strains was isolated at the final swabbing and 
no further information was available. In one case neither strain was 
isolated at the next swabbing. In 3 cases the surviving strain was 
antibiotic negative and in 2 cases it was an antibiotic producer. 

The results, admittedly obtained with a very small number of 
strains, do not provide any basis for the hypothesis that the ability 
to produce an antibiotic substance in artificial media endows a strain 
with the ability to supplant a non-antibiotic-producing strain already 
present on the nasal mucosa. 
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P/iage fi/pc 5 of Stapli. pyogenes isolated 
The association of phage type with antibiotic production and 
with penicillin- and streptomycin-resistance in the 149 distinct strains 
isolated is shown in table III. Where the same strain was isolated 
on successive occasions from an individual it w’as counted only once 
in compiling the table. 

Table HI 


IHstribution of phage types^ antibiotic production and resistance to penicillin and 
streptomycin in 149 strains of Staph, pyogenes tsofated from the noses of 
127 nurses 


pliage type 

Jf umber 

Antibiotic 

producers 

renIcUlIn 

resistant 

Streptomycin 

resistant 

3A/3B/3C/51 . 

23 

19 

0 

0 

6, 6/47 

8 

0 

1 

0 

7/47 .... 

15 

9 

12 

3 

29/44/52 . 

14 

0 

0 

0 

31B . 

18 

3 

18 

9 

42D .... 

2 

0 

1 

0 

42F . 

5 

1 

3 

2 

47, 47/31B 

20 

0 

17 

10 

47A . 

1 

0 

0 

0 

47C . 

8 ' 

4 

3 , 

0 

Not typable 

35 

5 . 


2 


149 

41 

GO 

26 

Totals . . j 


(27*5 per cent.) 

(40*3 per cent.) 

{17-4 per cent.) 


Forty-one (27-6 per cent.) of the strains were antibiotic producers, 
but it is noteworthy that strains lysed by one or more of the closely 
related phages 3A, 3B, 30 and 61 provided a large proportion of these, 
19 of 23 strains belonging to this group being antibiotic producers, 
hline of 15 strains belonging to type 7/47, 4 of 8 belonging to type 
47C and 3 of 18 belonging to type 3lB produced antibiotic. All these 
types are closely related. Five of the non-typable strains were 
antibiotic producers, 4 of these being coagulase-positive citreus strains. 
No strains belonging to the group lysed by the related phages 29, 
31, 44 or 52 or to types 6, 6/47, 47 or 47/31B produced antibiotic. 
There is a fairly close association, therefore, between phage type 
and the ability to produce antibiotic. 

It has already been noted (Barber and Whitehead, 1949 ; Rountree, 
Barbour and Thomson, 1951) that penicillm-resistant and strepto- 
mycin-resistant strams of Siaph. pyogenes tend to belong to the group 
lysed by phages 6, 7 and 47 or by related phages. This association was 
also observed during the present investigation and the predominance 
of resistant strains of types 7/47, 31B, 47 and 47/31B is shown in 
table m. At the same time, however, tliis predominance is a reflection 
of the fact that these strains of staphylococci were also those most 
frequently isolated from the hospital environment, being found in 
many patients cross-infected in hospital and in the air and dust of 
the wards. 
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Discussioiir 

The investigations o£ Miles et ah (1944) and of Williams (1946) 
indicated that people might be persistent nasal carriers, persistent 
non-carriers or intermittent carriers of Siaph. aureus. Our observations 
have confirmed their findings and the phage-typing method has 
provided some additional information on persistent and intermittent 
carriers. The persistent carriers tended to carry always the same 
strain, 29 of 38 carrying the same strain for at least 16 weeks. With 
the intermittent carriers, it was found that strains isolated after an 
interval of non-carriage were of different type from those previously 
present, indicating that a negative swab is not the result of failure 
to detect organisms actually present but is indeed due to the absence 
of Staph, pyogenes from the nasal mucosa. Increases in carrier rates 
consequent upon hospitalisation can therefore be regarded as the 
result of implantation in the nose of hospital strains and not of 
activation of a latent carrier state. 

Only a small number of nurses carried more than one type of 
SUxph. pyogenes on any particular occasion. Furthermore, although 
the nurses were exposed to a ward environment heavily contaminated 
with staphylococci, it was noteworthy that a large proportion of those 
who were already carriers on entering this environment did not 
acquire the ward strains. Implantation of the peniciliin-resistant 
ward strains occurred chiefly in those who had been non-carriers or 
intermittent carriers. These facts suggest that the presence on the 
nasal mucosa of one strain of Staph, pyogenes is a reasonably effective, 
although not absolute, barrier to the establishment of an added strain. 
The mechanism of this exclusion ” is unknown and no evidence 
could be found that it was correlated with the production of antibiotic 
by the already established strain since only 5 of the strains isolated 
from the 29 persistent carriers of the same strain were antibiotic 
producers. 

The actual source of the strains implanted in the nurses’ noses 
while they were in the wards is of some interest. Since there was 
little evidence of any exchange of nasal flora in the training school, 
direct infection from other more senior nurses in the wards already 
carrjdng the hospital strains was unlikely. On the other hand, infected 
dressings from patients, bedclothes and dust are known to be potent 
sources of these staphylococci. The junior nurses do not handle 
patients’ dressings but their duties include the maldng of beds. Air 
samples taken in the wards during bedmaking have shown large 
counts of Staph, pyogenes of the types found in the nurses’ nasal swabs. 
Implication of the patients’ bedclothes as the source of the nurses 
strains is therefore obvious. 

Williams (1946) has pointed out that the statement that the 
average nasal carrier rate for Staph, aureus is in the region of 60 per 
cent, does not give a complete picture of the magmtude of the nasal 
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reservoirs of staphylococci. He found that 80-90 per cent, of people 
examined over a period of 10 weeks were nasal carriers on one or 
more occasions. Our figures for a period of 16 weeks showed that 
only 16'4 per cent, of the nurses were persistently negative, and 
agree well with those of Williams. Wliether swabbings at more frequent 
intervals would have produced more positive results cannot be deter¬ 
mined. However, the numbers of the negative carriers and of those 
positive on only one occasion suggest that only a small proportion of 
people possess absolute resistance to colonisation of the nasal mucosa 
by Staph, pyogenes. That this resistance increases ’with age is indicated 
by the fact that 90 per cent, of babies bom in hospital become heavy 
nasal carriers -within 7 days (Cunliffe, 1949; Kountree and Barbour, 
1950). Moreover, observations still in progress on carrier rates in 
older hospital patients exposed to the same ward environment as the 
nurses have shown that few of these people became carriers of the 
hospital strains. 

Stjmiviary 

A study has been made of the nasal carrier rate of Staph, pyogenes 
in first-year trainee nurses, primarily to determine at what stage in 
their hospital career they became carriers of penicillin-resistant strains. 

Within 5 weeks of their entering the hospital wards, the nasal carrier 
rate rose from 52*6 to 71*4 per cent, and the rate for penicillin-resistant 
strains from 4*3 to 32*1 per cent. Compared with those wlio were 
already carriers of Staph, pyogenes on entering the wards, a greater 
number of non-carriers acquired the penicillin-resistant ward strains. 

Analysis of the carrier rate obtained at 4 separate swabbings over 
a period of 16 weeks showed that 15-4 per cent, of 104 nurses were 
persistent non-carriers while 36*6 per cent, were persistent carriers. 
The majority of the persistent carriers always carried the same phage 
type of Staph, pyogenes. At each swabbing a certain proportion 
(15-17 per cent.) of previous carriers had become non-carriers. 

At least 90 per cent, of the carriers carried only one type of Staph, 
pyogenes on any given occasion. The presence on the nasal mucosa 
of an established strain appeared to impede the establishment there of 
any other strain. There was no evidence that this phenomenon could 
be associated -with the ability of a given strain to produce antibiotic 
in artificial media. Ability to produce antibiotic was found, however, 
to be associated with certain phage types. 

This investigation was supported in part by a grant from tho Australian 
National Health and Medical Research Council. 
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A SBIPLE TECHNIQUE TOR JIAKING SMEARS OF DEPOSITS 
FROM SMALL QUANTITIES OF FLUID EXUDATES 

J C DE \V Beckeh and H G Robeiitson 
Sout?i African Institute for Medical Research^ Johannesburg 

The purpose of this publication is to desenbo a very simple method of preparmg 
satisfactory smears from evudates such as cerebrospmal fluids m tuberculous 
menmgitis The method we have used m the past and which is generally 
adopted is to spm the cerebrospmal fluid for one liour at 3000 r p m and make 
smears from as much of the deposit os can be obtamed by scrapmg the bottom 
of the centrifuge tube with a bacteriological loop For some time, however, 
it has been felt that m spite of attempts to secure the whole deposit from these 
fluids, some of it must be left behmd and possibly some “ positive ” tuberculous 
menmgitis fluids may have been missed Accordmgly, the followmg teclmique 
has been evolved 

A hard glass tube mto which a | mch circular covershp will just fit, is chosen 
Non nutrient agar at a strength of 6 per cent is added m sufficient quantity 
to fill the roimded bottom of the tube On coolmg, a tough flat surface is 
present at the bottom of the tube A covershp marked to mdicate the correct 
side is dropped mto the tube and the cerebrospmal fluid added The whole 
is then centnfugalised m the usual way and, when the tube is removed from 
the centrifuge, the supernatant fluid can be poured off, leavmg the covershp, 
with the deposit firmly adherent to it, shghtly adliermg to the agar The cover 
slip is then gently remo\ ed qmte easily by means of a bent probe and attached 
to a microscope slide prepared by placmg a small quantity of Canada balsam 
on top, then heatmg the slide imtil the Canada balsam is fairly fluid The 
covershp is placed on the Canada balsam and by the tune the slide has cooled 
it 18 firmly adherent Before attachmg the covershp it is gently warmed to 
dry it and the preparation fixed by heat after placmg the covershp on the end 
of the microscope slide The preparation is stained m the usual manner and 
our eicpenence so far is that the covershp does not detach durmg stainmg It 
has been found that the deposit is a thm even smear which is easily exammed 
with the advantage that the edge of the preparation is clearly defffied by the 
edge of the covershp It seems justifiable to assume that almost the whole 
deposit from the cerebrospmal flmd is recovered by this method 

After use, the tubes are cleaned by removmg the agar, boihng m water, 
brushing with soap and water, nnsmg and autoclavmg 


Summary 

A simple method of obtammg the whole deposit from small quantities of 
fluid exudate, particularly cerebrospmal fluid from eases of tuberculous 
menmgitis, is described 
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578.65 

A ]METHYL GREEN-PYBOinN-ORAlSrGE G STAIN FOR 
FORIMALIN-FIXED TISSUES 

D, J. The VAN and Annette Sharbock 
Wellcome Eeeearcli Laboratories, Beckenham, Kent 

Since the introduction, of methyl green-pyrouin staining mixtures by 
Pappenheim (1899) most workers have preferred alcohol to formalin as a 
fixative for material to be stained in this way (Schmorl, 1934 ; Conn and Darrow, 
1947). Formalin is a far more satisfactory anatomical fixative than alcohol 
and this paper describes a methyl green-p 3 a’onm-orange G stain which gives 
beautiful and consistent staining of formalin-fixed tissue sections. The effect 
is that given by Pappenheim staining of alcohol-fixed material, without the 
distortion resulting from alcoliol fixation, and with the additional staining of 
acidophil elements with orange G. The method is a simple progressive one, 
using a single staining solution. 

Solutions 

N.B, “ Water and “ aqueous ” refer to distilled water unless otherwise 
stated. 

Fixative 

Formalin (A.R.) ........ 1250 ml. 

Saturated solution NaCl m tap water . . . .270 ml. 

Precipitated chalk (CaCO^) .... about 10 g. 

Tap water to . . . . . . . . , 101. 

Shake well before pouring out. 

Stain 

Solution A 

5 per cent, aqueous pyxonin (see Note 1) . . . 17*5 ml. 

2 per cent, aqueous methyl green (see Note 2) . . 10*0 ml. 

Water. 250 ml. 

Solution B 

1 *0 per cent, aqueous orange G . - . . ,30 ml. 

M/5 acetate buffer, pH 4*8 (see Note 3) . . . . 200 ml. 

Both these solutions will keep for many months in hard glass glass-stoppered 
bottles ; the stoppers should be covered with small beakers to discourage the 
entry of moulds. The working solution is made by mixing equal volumes of 
solutions A and B ; it will keep for about a fortnight in a Coplin jar. 

Dehydrating and clearing fluids 
Acetone (in a drop bottle) 

Acetone-xylene equal parts (in a glass-stoppered jar) 

Acetone 10 per cent., xylene 90 per cent., by volume (in a Coplin jar) 
Xylene I 
Xylene II 

Mountant 

D.P.X. (Kirkpatrick and Lendrum, 1941). We can no longer obtain 
“ Distrene 80 “ Lustron, crystal clear, L 2020 ” (Monsanto Co.) 

is a suitable substitute. 

Procedure 

1, Fix thin pieces of tissue as fresh as possible (see Note 4), for three days 
or longer. Dehydrate in graded alcohols, clear in cedarwood oil, rinse in xylene, 
imbed in paraffin. 
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2 Cut sections 3 6/* thick, take down to water in the usual way, and blot 

3 Stain m the worl^g solution 10 minutes to 24 hours—the exact time 
makes little difference 

4 Rmse in runmng distilled water for a few seconds A little of the pyronm 
IS removed at this stage, and the exact time for perfect results should be found 
by trial- Our routme time is seven seconds Blot nearly dry 

6 Dehydrate qiuckly with acetone, rinse rapidly m acetone xylene followed 
by 10 per cent acetone m xylene and two changes of xylene Mount in D P X 

RemtlU 

Nuclei, mast cell granules (occasionally) green or blue green 

Mucus green 

Muscle, epithehal cjdioplasm, nucleoli, young myelocjte granules pink or 
pmkish orange 

Erythrocytes, granules of polymorphs and eosinophils, Paneth cell granules 
orange 

Keratm, collagen glia fibres, necrotic material paler orange 

C5d:opla3m of Ijnnphocyto and plasma coll senes deep magenta 

Cjdioplasm of erythroblasts, basophil cytoplasm generally (e g Nissl substance, 
pancreatic oemor cells, hepatic parenchynna), bacteria shades of magenta 

Mast cell granules (usually) \ ery dense red brown to (almost) black 

The method is particularly useful m the study of lymph nodes, bone marrow, 
inflammatory reactions and tumours 


Notes 

1 Not all dyes sold as pyronm ore suitable Some samples precipitate 
orange G We test samples os follows — 

In a senes of tubes, 0 3 per cent solutions of the pyronm are made m M/6 
acetate buffers of pH 3 6, 4 2, 4 8 and 5 2 An equal volume of 0 I per cent 
aqueous solution of orange G is added to each tube With a satisfactory pyronm, 
no precipitate should form m the pH 4 8 and 6 2 tubes , at pH 3 6 there may 
be a slight precipitate and at pH 4 2a precipitate may form dunng twenty four 
hours, but not immediately More precipitation than this mdicates that the 
pyronm is unsuitable Wo have found satisfactory a sample from G T Gurr, 
labelled ** Pyronm, batch 1640 ", obtamed m October 1050 This is of a bluish 
shade , it was sold as “ Pyronm Y ” Samples of " Pyronm Y ** from other 
sources were a more yellowish rod colour and precipitated orange G heavily 

2 Tlie methyl green must be heptamethylpararosanihne (salt) CI no 684 , 
it must be freed from methyl violets by repeated extraction of a 2 per cent 
aqueous solution with several changes of cliloroform m a separatmg funnel, 
until the chloroform layer remains colourless Wo have called the resulting 
supernatant " 2 per cent methyl green ", although it contains less dye than 
this by the amount of violets extracted At present we are usmg " methyl 
green CI 684, hatch 160, G T Gurr " 

It has been stated that methyl green readily decomposes to yield methyl 
violets (Conn, 1946) We have found that a 2 per cent solution from which 
the violets have been extracted can he kept for six months wathout yieldmg 
sufficient methyl violet to colour chloroform used to extract it 

We have some sample labelled methyl green " which ore soluble m 
chloroform and are useless for the present purpose One of these is spectro 
photometrically similar to malachite green, which is no substitute for methyl 
green m our method 

3 We make the acetate buffer by titratmg M/6 sodium acetate solution, 
with 6 6 per cent aqueous acetic acid solution, to pH 4 804-0 02, measured with 
a glass electrode A vanation of 0 05 of a pH unit either way alters the staining , 
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higher pH levels give more of the green stain, lower levels, more of the red. 
Th^ can be corrected to some extent by altering the proportion of pyronin to 
methyl green ; but at higher pH levels orange staining is fainter, and at lower 
levels orange G *is precipitated by pyronin. However, we found that at pH 5*6, 
for example, the effect of small deviations in pH or in the proportion between 
the basic dyes is very much less than at pH 4-8 ; and although at the lower 
pH collagen is stained only faintly, polymorph and eosinophil leucocyte granules 
and erythrocytes are satisfactorily shown if extra orange G is used and there is 
less tendency to “ blueing ” of the nuclei with pyronin overlaying the green 
stain. The higher the pH, the less stable is the solution ; methyl green is 
converted to a colourless soluble base, and pyronin to a coloured insoluble base 
or to its insoluble salt with orange G. The table shows what we have found 

Tabi^e 


Amounts of dye to he added to 100 ml, of MjlQ acetate buffer 


pH of buffer 

PjTonin 

(ml. of 5 per cent.) 

Methyl preen 
(ml. of 2 per cent.) 

Oranpe G 
(ml. of 1 per cent.) 

4*2 

3*8 

6-0 

(precipitates) 

4*6 

3*8 

3-6 

5-0 

4*8 

4*3 

2-5 

6*0 

5'2 

7'0 

2-5 

9-0 

5*6 

10*0 

2-5 

12-0 

6-3 

13-8 

2-5 

30-0 


to be the correct proportions of our dye samples, in staining mixtures made at 
different pH levels. As p 5 a’onin, in particular, varies greatly in dye content, 
it may be necessary to find the correct proportions for other samples by trial. 
The concentration of buffer is not so critical. 

4. If the tissues are not fresh when fixed, or are fixed in acid formalin 
(below pH 4), the green nuclear stain is replaced or overlaid with pyronin 
staining. It has been stated (Kurm'ck, 1949-50 ; Kumick and Mirsky, 1949-50) 
that methyl green combines with deoxyribonucleic acid only in its natural, 
polymerised form, and that pyronin stains ribonucleic acid and depolymerised 
deoxyribonucleic acid. It may be that autolysis, or acid fixation, depolymerises 
deoxyribonucleic acid. We have foimd that material that has been well fixed 
in “ neutralised ” formalin can be subjected to acid solutions (e,g. decalcifying 
agents) without interference with subsequent methyl green staining of nuclei. 
Mucus is stained green even in material fixed in acid solution. 

Summary 

A method is given for the staining of paraflSn sections of formalin-fixed 
material with a methyl green-p 5 rronin mixture to which orange G has been 
added to stain acidophil elements. It is particularly useful in the study of lymph 
nodes, bone marrow, inflammatory reactions, and tumours. 

We should like to acknowledge our debt to Dr C. L. Oakley for assistance 
in the preparation of this paper. 
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RAPID TENTATIVE POST-MORTEJI DIAGNOSIS OF INFLUENZA 

■WITH THE AID OF CYTOLOGICAL S3IEARS OF THE TRACHEAL 

EPITHELIUM 

J. F. P. Hebs and J. Mxtldeb 

From the Institute of Pathology and the Glinic for Internal Afedicine, 
the University Hospital^ Leydenj Holland * 

(PULTES XLVin AND XLIX) 

Since 1918 evidence has been accumulating that human influenza may be 
recognised post mortem by the fact that the ciliated and goblet cells of the 
tracheal and bronchial mucosa ore destroyed by the virus, while the basal layer 
of epithelial cells is preserved. For the literature of this subject see Straub 
and Mulder (1948) and Mulder and Verdonli (1949). The question now arises 
whether it would bo possible for the pathologist at a post-mortem examination 
to suggest from the examination of cytological smears from the tracheal mucosa 
the probability that the cose in question is one of influenzal virus infection. 

During the epidemic of influenza A-prime in Holland in January and 
February 1949 (van Bruggen et al.^ 1960), we had the opportunity of investigating 
this point at 8 post-mortem examinations. One patient (case 3 in the table, 
p. 331) came from the psychiatric clinic, “Endegeest”, and the lungs and a 
portion of the trachea of case 6 were kindly sent to us from Groningen by 
Drs. C. van Oven and T. G. van Rijssel. 

Technique 

All patients who died with acute bronchial or pulmonary s 3 rmptoms during 
the course of the epidemic were submitted to autopsy as soon as possible and 
in every case within 4 hours of death. A tracheal cylinder about in. in length 
was excised just above the bifurcation with a very sharp sterilised knife. A 
sterile loop was then passed over the surface of the mucous membrane and 
from this layer a wet methylene-blue preparation was made. Other smears 
were stained, after drying, with May-Grunwald-Giemsa. Cultures on blood- 
agar and Levinthal-ogar were made from the same portion of the trachea, 
which was then preserved at a temperature of —130® C. The remainder of the 
trachea was fixed in ioio in formalin without being opened or washed out and 
histological sections were made from the part contiguous to the excised cylinder. 
In all cases, after clamping the arteries, the heart and lungs were removed, also 


* With the financial support of the Hippocrates Fund for Medical Research, the 
Institute of Preventive Medicine, Leyden, N. V. PhiHps-Roxane, Weesp, the State 
Department of Science and Education, the Jan Dokker Fund and the Ciira 9 ao Fund 
for Preventive Medicine. 
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in toto, and some blood was taken from the heart to be tested for antibodies 
against influei^a virus. This test may show at what period of the influenzal 
attack the patient died, becatise the clinical diagnosis was not always made 
during life and no blood serum was available in the clinic for immunological 
investigations. 

Gytological picture of normal tracheal epithelium in 
methylene^blue’Stained smears 

This consists of three different kinds of cells:—(1) ciliated epithelium, 
(2) goblet cells and (3) basal cells. All three can be easily recognised (figs» 1-4), 


Virological and serological examination for influenza 

From none of the patients were any garglings or sputa available for virological 
examination because all were very ill on admission. Two died on the day after 
admission, the others after only a few hours. No clinical data were available 
for case 3 and no blood serum for serological examination was available from 
2 of the 8 cases. The cylindrical portion of the trachea was cut open after 
being thawed and the mucous membrane scraped off with a sharp spoon. This 
was ground with sterile sand in 10 ml. of phosphate buffer (pH 7-0), to which 
were added penicillin (500 units/ml.), streptomycin (500 units/ml.) and sulpha- 
m 6 thylp 3 n:imidine (200 mg. per 100 ml.). The emulsion was inoculated into 
the amnion of ten 13-day-old chick embryos. After three days’ incubation at 
a temperature of 35° C. the amniotic fluid was examined for influenza virus. 
Two amniotic passages were performed if no virus was found in the 
first fluids. In the course of the epidemic, experience showed that in the positive 
cases the first amniotic inoculation usually contained virus and the second 
passage did so in every instance. It is reasonable to assume, therefore, that 
the obtaining of two negative amniotic passages clearly indicates that no 
influenza A virus is present, though influenza B might be. All strains isolated 
were classified serologically with antisera of ferrets against influenza B, strain 
Lee (U.S.A., 1940), swine influenza, Shope 15 (U.S.A., 1940), A-WS (England, 
1933), A-PB8 (U.S.A., 1933), A (Holland, 1941), A-prime Rhodes {U.S.A., 
1947), FMl (IJ.S.A., 1947), or Heer (Holland, 1949). All isolated strains clearly 
belonged to the A-prime group (van der Veen and Mulder, 1950). Portions of 
the inflamed lungs were examined in the same way to find out if they contained 
influenza virus. 

In our opinion the significance of demonstrating influenza virus in trachea 
and lungs has not been ascertained. Since we foimd that garglings may contain 
an influenza-virus concentration of lO""’ per ml., it is clear that virus, which 
may have been aspirated ante mortemf can be isolated from the respiratory 
tract and the lungs. Quantitative examinations may perhaps shed light on 
this question, until methods have been devised which will demonstrate the 
virus in situ in the cells of the respiratory tract, including the lungs. 

The blood serum was titrated for antibodies with the aid of the h^m- 
agglutination-inhibition test against the strains A-PR8, A-prime Rhodes and 
Heer. The complement-fixation test was performed against A-PR8 or A-prime 
Rhodes and against influenza B Lee. With one exception aU titres were very 
low, so that it was evident that the patients with a positive virus isolation had 
died within 5 or 6 days of the onset of the disease. In one case (no. 8) the blood 
serum showed inhibiting titres of 4100 against the strain PR8, 3550 against the 
A-prime strain Rhodes and 2300 against the A-prime strain Heer. In the 
complement-fixation test the titres were 10240 against PR8 and 40^ agains 
Lee (the lowest dilution of the serum). The positive titres are so high tha 
they may be taken as proof of a recent infection with influenza A (A-primo). 



Fig 1 —Case 1 Control C> tological smear Fir 2 —Case 1 Control Corresponding section 

from trachea Normal epithelium ^\^th of trnchon Normal ciliated epithelium Clear 

goblet cells, but ciliation not visible in tlii"! signs of inflammation xGOO 

area Methylene blue XlIOO 



Fio 3 Case 2 Control Cyto Fig 4 —Case 2 Control Corresponding section of 

logical smear from trachea, show- trachea Normal ciliated epithelium with goblet cells 

mg normal ciliated epithelium No sign of inflammation X 600 

Meth} lene blue x 1200 



Tablk— iS-t/ryey of six cases of mfluenzal pneumonia vnlh epithelial lesions in the respiratory trad and two control cases (noa. I and 2) 
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Besults of the examination 

Erom the data in the table it may be seen that 6 out of the 8 cases analysed 
were due to an infection with influenza virus and that 7 of the patients 
were women. Patient no. 8 suffered from cirrhosis of the liver and died of 
hsemorrhage from an oesophageal varix. There was a large focus of purulent 
infiammation in the dorsal segment of the left lower lobe. Cases 4, 5 and 6 
showed extensive fibrino-purulent tracheo-bronchitis caused by Staphylococcus 
aureus. This was absent in cases 3, 7 and 8. Cases 7 and 8 showed a slight, 
probably bacterial, tracheitis. Case 3 showed no signs of bacterial inflammation 
in the tracheal mucosa. Cases 3 (figs. 6 and 6), 4, 5 (figs. 7 and 8) and 6 could 
easily be identified as influenza from the cytological smears, since the ciliated 
epithelium was either entirely absent or showed distinct necrobiosis. In 
cases 7 and 8 judgment was more difficult, as the ciliated epithelium was not 
entirely absent, but showed distinct degeneration in places. Sections of the 
trachea also showed areas of local epithelial degeneration. The ciliated epithelium 
at higher levels of the trachea in case 7 and of the bronchi in case 8, however, 
was unmistakably destroyed and showed regenerating undifferentiated 
epithelium. The cytological smear of case 5 showed mitosis of the basal cells 
(figs. 7 and 8). 

It is evident that cytological examination of the trachea and bronchi by 
the smear method in cases like these can never 3 deld any certainty as to the 
existence of an influenzal infection. To the pathologist and the virologist, 
however, they may indicate the possibility of the existence of an infection 
with epitheliotropic virus in the respiratory tract. As such, they may bo 
useful in suggesting to the virologist the desirability of undertaking a search 
for virus in the mucosa and to the pathologist of making a careful histo¬ 
logical study of the epithelium of trachea and bronchi. Fixrther detailed 
C 3 ^ological studies will probably shed more light on the finer structural changes 
which occur in the degenerations and regenerations of the respiratory tract 
epithelium in human influenza. 


' Summary 

The authors are of the opinion that it may often be possible to suggest the 
existence of an influenzal infection in the course of a post-mortem examiuation 
by maldng an immediate cytological examination of the epithelium of the 
tracheal and bronchial mucosa. 

An influenzal viral infection is indicated if smears from the tracheal mucosa 
show complete absence or great reduction in number of ciliated epithelial cells 
and their replacement in whole or in part by undifferentiated and necrobiotic 
epithelium. 
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CyroLoaicAii diagnosis of influenza 



Fio 5 —Cflse 3 Cytological smear of trachea 
No ciliated cells Sba ere degeneration 'with 
hyperchromatism of nuclear wall 2»Iethy 
lene blue X1200 



^ _ _ 

Fig 7—Case 5 Cjtological smear of 
the trachea No ciliated epithelium 
Two mitoses Jfethylene blue 
X1200 



Fig G —Case 3 Corresponding section of 
trachea No cihated epithelium The basal 
layer of epithelial cells is preserved Distmct 
necrobiosis with swollen cells and nuclei 
some of them mth liypercliromatism of the 
nuclear u all x 600 



Fig 8 —Case 5 Corresponding section of trachea 
Regeneration from basal cells to 4 or 6 layers of 
undifferentiated epithelium Swellmg of cells and 
nuclei and hjrperchromatism of nuclear wall 
Mitoses m a few cells x 600 
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VARIETIES OF MYCOBACTERIUM JOHNEI ISOLATED 
PROM SHEEP 

A, Wilson Taylor 

Agricultural Research Council^ Field Station^ Compton^ Berkshire 

Taylor (1946) confirmed tho implication in the work of earlier authors that 
there are two diseases of sheep simulating Johne’s disease (paratuberculosis) 
of cattle. The first of these, true Jolme’e disease of sheep, has been recognised 
for many years and is Imown in Europe, India, and America ; it is caused by 
the classical t 37 Jo of Myco. johnei^ identical with the organism isolated from 
cattle. The second condition is widespread in Scotland and is characterised 
by the yellow or orange colour of the affected intestine and the enormous number 
of acid-alcohol fast bacilli present in the lesions. Attempts to isolate the 
organism responsible for this form of tho disease have consistently failed and 
cultures have not so far been described. Johne’s disease of sheep in Iceland is 
another example of a similar condition caused by an organism resistant to 
artificial cultivation, for although the disease has been the subject of several 
recent papers (Sigurdsson and Tryggvad6ttir, 1949) cultures have never been 
obtained (Palsson, personal communication ; Glover, personal communication). 

This paper describes tho isolation in culture of strains of acid-alcohol fast 
organisms resembling Myco. johnei from sheep in Scotland and Iceland. 

Materials and methods 

From 1948-60, fifteen specimens of intestine from different sheep affected 
with Johne’s disease were received. One from Edinbingh was of the non- 
pigmented typo ; four with no imusual colouring came from Iceland ; and ten 
showing the orange-coloured t 3 ^e of lesion came from Aberdeen and the north 
of Scotland. 

Mucous membrane from each piece of intestine was treated with oxalic 
acid to destroy contamination before inoculation on a number of different 
media, which included some of the following: Dunkin’s medium for Myco. 
johnei but without crystal violet; the American Trudeau Society’s egg-yolk 
potato medium ; a slightly modified Finlayaon medium (Taylor, 1960) and 
Jamieson’s egg-yolk agar. All of these contained 4 per cent, of glycerine and 
approximately 1 per cent, of heat-kfiled Myco. phlei. In addition, Finlayson’s 
medium both with and without 4 per cent, of glycerine was used. 

Results 

The classical bovine type of Myco. johnei was isolated from one of the fifteen 
specimens examined ; that received from Edinburgh. In primary culture it 
grew readily after four weeks’ incubation on Dunkin’s medium, modified 
Finlayson medium and the American Trudeau Society’s mediiim. Culturally 
and microscopically the growth was typical of Myco. johnei. There was no 
growth on media without killed Myco. phlei. 

Each of the four specimens from Iceland yielded a culture morphologically 
similar to Myco. johneU but slower to develop. In primary culture no growth 
was apparent until the seventh week of incubation. It appeared on modified 
Finlayson’a medium as very small whitish colonies which did not increase 
greatly in size on further incubation. Growth never resulted on Dunkin’s 
medium either in primary culture or on first subculture, and profuse growth 
was not obtained on any medium even after the sixth subculture. Media 
without killed Myco. phlei do not support growth. 
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From each of the ten specimens of the orange-coloured type of lesion sent 
from the north of Scotland, highly pigmented strongly acid-alcohol fast bacilli 
were isolated. These grew well in primary culture on modified Finlayson medium 
after incubation for' from 6-8 weeks and nearly as well on good batches of 
American Trudeau Society’s medixim ; but growth was not obtained on Dimldn’s 
medium or Jamieson’s yolk agar even after continuous incubation for periods 
of up to twelve months, nor has it occurred on media without the addition of 
killed Myco, jphleL Single colonies were smooth, convex, and glistening; the 
growth was soft, readily emulsified and of a bright orange colour. Secondary 
colonies, such as occur frequently with Myco. johnei, were not obsen^ed. The 
colour was present from the time of visible growth, developed in the incubator, 
and was affected neither by prolonged incubation nor exposure to light at room 
temperature. 

It was apparent that both the Icelandic and the pigmented strains differed 
from Myco, johnei in at least one of their cultural requirements in that neither 
would grow in primary culture on a medium containing a low proportion of 
egg yolk : Dunkin’s medium contains 15-20 per cent, of yolk and the modified 
Finlayson medium, 60 per cent. To test the value of egg yolk in supporting 
growth, therefore, media were prepared in which the proportion of egg yoUc 
ranged from 15-60 per cent. : each medium contained in addition 4 per cent, 
of glycerin and 1 per cent, of heat-killed Myco, pklei. For the purposes of 
experiment, it was assumed that the egg white in the medium was inert. These 
media were inoculated with equal quantities of dilute suspensions of culture 
in Hinger solution and incubated for three months. The results in the table 

TabIiE 


The growth of varieties of Myco. johnei on egg media vrith 
different proportions of yolk and white 



Growth in media with cks yolk (Y) and egg white (W) 
in the amounts showui (per cent.) 


Y = 15 
W ^ 60 

Y" = 25 
W = 50 

II II 

COCO 

•*0“^ 

Y = 50 
W = 25 

Y = 60 
W = 15 

Myco, johnei (bovine) primary 
culture 

- 



4- 

4- 

Icelandic strain, 6th subculture 

— 

— 

+ 

4- 

+ 

Pigmented strain, 6th subculture , 
Pigmented strain, 3rd subculture . 

— 

— 

+ 

4- 

+ 

— 

— 

— 

4- 


Pigmented strain, 2nd subculture . 

— 



4- 

1 4- 


— = no growth -j- ~ growth 


indicate that growth of either the Icelandic or the pigmented types in primary 
culture is unlikely on an egg medium containing less than 50 per cent, of yolk, 
whereas the classical bovine strains are less fastidious and can be grown on media 
containing only 25 per cent, of yolk. 

To compare the pathogenicity of the organisms for laboratory animate 
with that of Myco, johnei three pigmented and one Icelandic strain were ^ 
inoculated separately into two guinea-pigs intraperitoneally and one ^ 
intravenously. One bovine strain was inoculated similarly as a control. o 
cultures were grown on modified Finlayson medium for 8 weeks, suspende m 
Ringer solution and inoculated in a dose of 10*0 mg. The animals were tes e 
intradermally with OT ml. of both avian and mammalian P.P.D. tubercu 
(Ministry of Agriculture) at three and again at seven weeks after inoculation, 
when they were destroyed for examination. In rabbits no response to ei er 
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tuberculin was produced by any of the strains and m guinea pigs, although tho 
response was poor, the reaction to avian tuberculin was in each case greater 
than to mammalian The result of the autopsy on each animal was similar to 
that to be expected after tho inoculation of a large doso of Myco ^ohnei or some 
other iVlycobacterium not normally considered pathogenic for laboratory 
animals All were m good bodily condition and lesions were not found except 
m one gumea pig, which showed one slightly enlarged and caseous mesenteric 
lympli node CWtures were prepared from the liver of the rabbits and the 
spleens and mesenteric lymph nodes of the guinea pigs Organisms were grown 
from the liv er of two of the five rabbits, from the lymph nodes of all the guinea 
pigs, and from four of the ten guinea pig spleens, but in each case the number 
of colonies was small, givmg no suggestion of a progressive infection The 
pigmented strains showed no alteration in morphology or colouration after 
passage through the gumea pig 


Discussion 

The isolation m culture of two varieties of Johne’s bacilli hitherto considered 
resistant to cultivation in vitro was accomplished by the use of a meduun 
superior to that formerly employed m work of this nature and provides another 
example of the value of egg yolk as a major constituent of media used for the 
primary isolation of mycobacteria 

It IS probable that neither the Icelandic nor the pigmented strams are 
other than -v arieties of the classical type of Myco johnet The three organisms 
are the apparent causes of what is, both clinically and pathologically, essentially 
the same disease in sheep and cattle The new strains have a uniformly low 
virulence for laboratory animals rurther, the two varieties share with Myco 
Qohnei its imique reqmrement of an accessory factor in tho form of killed acid 
fast organisms m tho medium upon which it is grown 

Pundamentally tho Icelandic strams appear to differ but little tn vitro from 
Myco johnet Tlie difference lies m their mabdity to grow on a medium which 
will support the classical typo, and their slightly slower rate of growth On 
the other hand the ten pigmented strams probably form a definite type or 
variety of Myco johncxy and the distmction “ ovme type ” has already been 
suggested (Taylor, 1946) Their relationship with Myco johnei has been 
described m this paper, but the brilliant colour of the growth and the morphology 
and consistency of the colonies are all distmct from those of tho classical typo 
It 18 well known that the Mycobacteria as a genus have a tendency towards 
pigmentation, but this is not common among the pathogenic species except 
under certam well defined conditions The pigmentation of these cultures, 
however, appears to be an mherent character as it is present at all stages of 
growth and is not altered by animal passage Indeed the orange colour of the 
lesions of the disease m sheep, which was said by Taylor (1945) to be due to 
staining with bile, is m all probability caused by the colour of the organisms 
themselves as they are present m the lesions m very large numbers 


Summary 

Johne’s disease (paratuberculosis) of sheep may be caused by one of three 
related orgamsms (1) M johnex^ tho classical bovme type, (2) a similar 
organism isolated from sheep m Iceland, and (3) a highly pigmented organism 
isolated from sheep m Scotland 

Growth of the Icelandic and pigmented strams, hitherto said to be resistant 
to artificial cultivation, is described for the first time, both are probably 
varieties of the classical type 
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I am indebted to Dr S. Jamieson, Aberdeen, Dr P. A. Palsson, Reykjavik, 
and Mr J. T. Stamp, Edinburgh, who provided the original material which made 
this work possible. 
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A CASE OF LIPOIVIA OF THE LIVER 

Stbetton Young 

Department of Morbid Anatomy, Westminster Hospital, London 

(PlATE L) 

References in the literature to lipomas of the liver are scanty. Weiss (1935) 
questions whether one has ever actually been found, while RoUeston and McNee 
(1929) state that ** Gentiine fatty tumours do not occtu* in the liver 


Case report 

Clinical history. The patient, a female aged 54, was known to be a diabetic 
and to have severe hypertension (B.P. 230/110) about 18 months before admission. 
The diabetic symptoms were controlled by diet. She was admitted to West¬ 
minster Hospital on 13.3.49 on account of precordial pain of 24 hours’ duration. 
On examination, a pericardial friction rub was heard. B.P. was 150/90. The 
liver was palpable four fingers’ breadth below the costal margin. Urine was of 
low specific gravity, and contained much albumin and a trace of blood, but no 
sugar. A diagnosis of decompensated hypertension with renal failure was 
made. She developed axrricular fibrillation and began to vomit. The vonuting 
became more severe, and contained “ coffee ground ” material. She became 
progressively weaker and died 12 days after admission. 

Autopsy findings. The body was that of a very obese elderly female subject. 
Tlie pleural sacs were dry. The lungs were firm and somewhat congested. 
Tlie pericardial sac contained about half a pint of blood-stained fluid, and both 
layers of the pericardium were greatly thickened and roughened by recent 
fibrinous pericarditis. The heart showed gross left ventricular hypertrophy 
and, with the pericardium, weighed 33 oimces. 

The gall bladder was small and fibrotic and contained pigment stones and 
muco-pus. Externally the liver was normal. On section, a round yellow 
nodule about f in. in diameter was found in the right lobe (fig. 1). The nodule 
was well demarcated without appearing to be encapsulated, had a smooth, 
glistening cut surface and looked like fat. 

The pancreas was fibrotic. The kidneys were pale and of normal size, with 
a finely granular surface on which small telangiectatic areas could be seen. 
On section there was some blurring of the cortico-meduUary junction, an 
there was necrosis of one of the renal pyramids. The other organs were norma . 

Death was due to renal failure and pericarditis. 

Histology. The nodule in the liver had the typical appearances of adipose 
tissue. In the centre, the fat spaces of which it was largely composed were 
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Fxc 2.-—Photomierogrniih, showing margin of tlio lipoma 
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between 60 and 90 in diameter. The stroma consisted of loose connective 
tissue containing oval or flat pale*staining nuclei. Blood vessels were small 
and not very numerous. 

Near the margin, small groups of atrophic liver cells were incorporated in 
the growth. The stroma was somewhat more cellular and smaller fat spaces 
measuring as little as 10 /x were seen (fig. 2). 

The margin was rather irregular, and there was no capsule. There was no 
distortion of nearby liver architecture by pressure but occeisional individual 
liver cells appeared to be slightly compressed. A few of the liver cells nearest 
to the tumour possessed fat vacuoles. 

Elsewhere the liver was normal, and there was no evidence of fatty degenera¬ 
tion or infiltration. 


Discussion 

While it appears that lipomas of the liver are something of a rarity, it is said 
that they may be simulated in several wa}^. 

Rolleston and IMcNee describe small nodules of adipose tissue in the liver 
caused by detachment of appendices epiploicas from the colon with subsequent 
lodgment between the liver and the diaphragm. Such nodules are situated 
near the periphery of the liver and are surrounded by invaginations of the 
liver capsule. They also state that localised areas of extreme fatty infiltration, 
usually wedge-shaped, ore not uncommon. They do not, however, mention 
whether generalised fatty infiltration of the liver is also present in such cases. 
Lichtman (1949) states that liver-cell adenomata, multiple, light brown, or 
greyish white, situated in the midst of normal liver and with their large cells 
laden with fat or glycogen, may resemble lipomas. 

In the case described the nodule lay a considerable distance from the surface 
of the liver and was not encapsulated. The fat spaces were enormously greater 
in size than those found in fatty infiltration, and fatty infiltration was not 
present elsewhere in the liver. There was no evidence of adenomatous arrange¬ 
ment, The appearances of the nodule, both macroscopic and microscopic, were 
those of adipose tissue. None of the patient’s symptoms appear to be related 
to it, and its discovery at autopsy was entirely accidental. 


Sununary 

A case is described in which a roimd, yellow nodule with the features of 
adipose tissue, was found in the liver at autopsy. Pifferential diagnosis is 
briefly discussed. 

My thanlis are due to the Department of jMedical Photography of 
Westminster Hospital. 
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OSSmCATION IN INTTESTINAL NEOPLASMS; 

A KEPORT OF THREE CASES 

A, C. Chbistte 

Eoyal Cancer Hospital, London 
(PlATE LI) 

Wliile heterotopic ossification in various tissues has frequently been described 
in man and animals (Keith, 1927-28), it has rarely been* seen in intestinal 
neoplasms (Clark, 1934-35 ; Pukes, 1938-39 ; Scheidegger, 1939). The three 
cases described below show the formation of membrane bone in the primary 
growth and in recurrences and metastases. 

Case reports 

Case 1, V. L., a female aged 44, was admitted to the Royal Cancer Hospital 
in September 1949 complaining of pain in the abdomen and back, intermittent 
passage of bright red blood in the stools, and loss of weight for the last twelve 
months. On examination an enlarged, lumpy liver and a carcinoma of the 
rectum, the latter confirmed histologically, were found. As a palliative operation, 
removal of the rectum, uterus, Fallopian tubes and ovaries was undertaken. 
About 8*6 cm. from the ano-rectal junction, the rectum contained a large, 
ulcerated, fungating carcinoma, 7'5 cm. long, which completely encircled the 
lumen and reduced it to about 1*0 cm. in diameter. Posteriorly, the neoplasm 
had infiltrated for a distance of 3*5 cm. beyond the muscle coat and anteriorly 
it had broken tluough the rectal wall to form a mass in the recto-vaginal septum 
binding it to the cervix. At several places in the rectal wall there were sub- 
serosal nodules of growth. On section the neoplasm posterior to the rectum 
contained widespread spicules of osseous tissue. Several adjacent lymph nodes 
were replaced by metastatic growth. Massive ascites developed in March 
1950, and the patient died four months later. 

Histological findings. The tumour is a well-differentiated tubulo-papillary 
adenocarcinoma, necrotic in parts, with a dense fibrocellular connective tissue 
stroma containing spicules of bone formed by intra-membranous ossification. 
Tliese spicules are, for the most part, surrounded by a continuous layer of plump 
osteoblasts laying down osteoid matrix. Some of the bone is necrotic. TI 10 
loose connective tissue between the groups of bony spicules contains numerous 
dilated capillaries lined by endothelium only, as in bone marrow. 

Case 2. In December 1943, F. W., a male aged 48, visited the New York 
General Hospital complaining of vomiting and abdominal pain. An X-ray 
of the bowel revealed nothing abnormal. In August 1944, he was operated on 
for intestinal obstruction. His symptoms recurred in February 1945, and, at 
operation, adhesions were freed. A further laparotomy at the Royal Cancer 
Hospital in December 1945, disclosed multiple tumoiu deposits in the peritoneal 
cavity. He died in January 1946. 

At autopsy the bowel contained a tumour (exact site not specified) with a 
gritty svuface to which several coils of intestine were adherent. A large secondary 
deposit in the right rectus abdominis muscle extended from the costal margin 
to a point three inches above the symphysis pubis. 

Histological findings. The tumour is an adenocarcinoma in a dense 
cellular connective tissue stroma and partly surrounded by necrotic skeleta 
muscle fibres, many of which contain deposits of calcium. Wthin the strOT^ 
in close relation to tumour cells, there are many spicules of bone, some of wmc 
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are grouped together into zones of spongy bone with loose fibrocellular connective 
tissue and dilated vascular sinuses like those of bone marrow within the inter* 
stices (figs. 1 and 2), 

Case 3. M. T., a female aged 43, was admitted to another hospital in 1945 
complaining of diarrheea and intermittent blooding per rectum for one year. 
A carcinoma of the rectum was removed by perineal excision. In June 1946 
the patient was admitted to the Royal Cancer Hospital with an “ abscess 
of nine weeks’ duration, in the buttock. On examination, an ulcerated, hemi¬ 
spherical mass, approximately two inches in diameter, and continuous with a 
large fixed mass within the pelvis, was found behind the vulva. This mass, 
histologically an ossifying adenocarcinoma, was excised. Two further recurrences, 
both ossifying odenocarcinomata, wore excised in November 1946 and January 
1947. Tlie last was a massive growth, measuring 10'0x7«6 cm., situated over 
the upper part of the perineal wound and adherent to the underlying sacrum. 
At operation only part of the tumour was removed. On this occasion the serum 
alkaline phosphatase was 21 lung-Armstrong units per 100 ml. (normal range ; 
6-10 units). Heath occurred in starch 1947. Permission for an autopsy was 
not forthcoming. 

Histological findings. All three recurrences (June 1946, November 1946 
and Januarj’ 1947) show rapidly-growing, tubulo-papillary adenocarcinomata 
with numerous spicules of bone within the fibro-cellular connective tissue 
stroma. There is active osteogenesis, with complete chains of plump osteoblasts 
surrounding the spicules and laying down osteoid tissue (figs. 3 and 4). 

Discvission 

In all three cases ossification was intramembranous and had occurred in 
close proximity to living neoplastic epithelium. As described by Dukes, there 
were, in all the tumour deposits, whether primary, secondary or recurrent, 
areas of necrosis, but these were often sparse and usually not closely related 
to sites of ossification, and occasionally the bony spicules were themselves necrotic. 
The tumour stroma in each case was relatively avascular. The adcnocarcino- 
matous epithelium showed no atypical histological features distinguishing it from 
the usual intestinal carcinomas. Dukes emphasised that in his cases there was 
both clinical and histological evidence of slow growth. This was not so in the 
3 cases now reported; numbers 1 and 3 showed numerous mitotic figures 
indicating rapid growth, and the duration from the initial onset of sjTnptoms to 
time of death was approximately 2, 2J- and 3 years respectively. 

Scheidegger described a case of stroma ossification in a rectal carcinoma 
in which incidental autopsy findmgs included ossification in both a small 
mammary fibroadenoma and a leiomyoma of the stomach. This example of 
widespread ossification must be due to an individual constitutional idiosyncrasy. 
Clark reports a case similar to cose 2 above in which an ossifying adenocarcino- 
matous metastasis developed in the laparotomy scar (right paramedian) within 
six months of operation, the primary growth being an inoperable carcinoma of 
the pelvic colon. 

MTiere ossification occurs in intestinal neoplasms it is most likely that the 
tumour epithelium itself has the property of inducing osteogenesis. The actual 
method of formation of bone in heterotopic sites, such as operation scars and 
tumour stroma, has aroused considerable discussion amongst pathologists for 
many years. Altliough the wliole mechanism is by no means understood as 
yet, it now seems beyond doubt that the osteoblasts develop in bUu from certain 
cells (probably fibroblasts) in the connective tissue stroma. In all three cases 
described there are many areas in wliich cells can be seen in all stages of transition 
between long slender inactive fibrocytos and typical plump rounded or polygonal 
osteoblasts both within and covering the surface of the osteoid tissue. This is 
well shown in case 3 (fig. 4) which also clearly exhibits the transformation of 
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connective tissue into hyaline eosinophilic material surrounded by osteoblasts 
that is, into osteoid tissue. Once bone has appeared there is a condensation 
of the surrounding fibrous tissue to form a periosteum with osteoblasts between 
it and the osteoid tissue (fig. 2). Complete chains of plump osteoblasts laying 
down relatively broad zones of osteoid, as yet uncalcified, indicate active osteo¬ 
genesis. The intervening connective tissue stroma within groups of spicules 
is loose and vascular, the vessels being, like those seen in bone marrow, dilated 
capillaries lined by a single layer of endothelium (fig. 1). It is interesting to 
note that this type of vessel is not present in the connective tissue stroma 
remote from areas of ossification. 

It thus appears that the spongy bone forms first and then, once this has 
happened, the tissue within the interstices is transformed into bone marrow. 
This may sometimes develop hsemopoietic elements as in LyaU’s (1943-44) 
case, but this did not obtain in the present 3 cases. Osteoclastic absorption 
was absent in aU 3 cases. 

Summary 

Three cases of stromal ossification in intestinal adenocarcinomata, two of 
which were rectal in origin, are described. In one a secondary growth in the 
right rectus abdominis muscle and in another the three recurrences were ossified. 

Ossification was intramembranous. Where spongy bone developed typical 
marrow stroma appeared in the interstices although no immature erythrocytes 
or leucocytes were present. 

I am grateful to Professor II. A. Willis for his helpful criticism ; to members 
of the Consultant staff for access to the clinical notes ; to IMr C. G. Chadwin 
for the sections and to Mr L. A. Cowles for the photomicrographs. 

REFERENCES 


CI/AUK, a. 1934-35. Brit. J. Surg., xxii, 889. 

Dukes, C. E. 1938-39. Proc. Roy. Soc. Med., xxxii, 1489. 

Keith, A. 1927-28. Ibid., xxi, 301. 

LyaiTi, a. 1943-44. Brit. J. Surg., xxxi, 411. 

Scheidegger, S. 1939. Schweiz. Z. f, allg. Path. u. BaJcL, 

ii, 163. 


6i6.71—018.46—006.442 

A CASE OF HISTIOCYTIC MEDULLARY RETICULOSIS 

V. J. McGovern, A. W. Morrow and E. F. Thomson 
Royal Prince Alfred Hospital, Sydney 

(PlATE LII) 

Hypersplenism is a concept of functional hyperactivity of the spleen by 
which Doan and Wright (1946) seek to explain certain ansemias found m 
conditions associated with enlargement of the spleen. In view of the fin 
in the case presented here, together with those of Scott and Robb-Smith (19 // 
some modification of this concept must be made. 

Clinical history 

The patient was a young woman aged 27 years. There was nothing remark 
able in her previous history or in her family history. 
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Sho was qiuto well imtil August 1949 when she commenced to suffer from a 
fever with some sweatmg and vague generalised pam The fever was inter 
mittently present tlirough August and September but during October became 
more apparent and the sweatmg became more drenchmg At this stage tho 
nocturnal temperature was sometimes m tho vicimty of 104® and 105® F, her 
pulse up to 130 per minute and respirations 20 per mmute There were inter 
mittent attacks of diarrhoea The provisional diagnosis of Brucellosis was made 
whereupon streptomycm and sulphadiazmo treatments commenced Tins was 
without effect Blood counts revealed that she had developed a progressive 
ansemia and so she was given two litres of blood, one on 10/12/49 and one on 
12/12/49 at Canberra Commiimtj Hospital Sho was admitted to Royal Prmce 
Alfred Hospital, Sydney (16/12/49) at which time it was noted that there was 
slight enlargement of her spleen and a mild generalised lymphadenopathy 
The fever did not abate and drenchmg sweats were frequent and occasional 
episodes of diarrhoea were noted In December she commenced to coraplam 
of pains m the lower extremities particularly in tho tibiie and in the feet The 
enlargement of tho spleen became more apparent Because of her failure to 
respond to all forms of antibiotic and chemotherapeutic treatments the 
provisional diagnosis of abdommal Hodgkm’s disease was made, and deep 
X ray therapy was applied to the splemc area without any satisfactory result 
She rapidly became more onsemic and terminally there was a generalised 
purpuric rash with some degree of icterus She died on 15 2 50 

On admission to Royal Prmce Alfred Hospital her blood coimt was as 
follows —^Er 5 rthrocytes 3,870,000 per c mm, hacmoglobm 11 g per cent, 
reticulocytes 0 5 per cent, leucocytes 1300 per o mm, neutrophils band forms 
12 per cent, segmented forms 62 per cent, total neutrophils C4 per cent, 
lymphocytes 18 per cent, monocytes 2 per cent, unclassifiable 2 per cent, 
platelets 21,000 per c mm The red blood cells showed poikilocj'tosis and 
anisocytosis of mcreasmg degree m tho course of the illness 

On 6 2 60, the blood count was as follows —Erythrocytes 1,200,000 per c mm , 
hasmoglobm 4 g per cent, leucocytes 850 per c mm, neutrophils band 
forms 4 per cent, segmented forms 64 per cent, total neutrophils 68 per cent, 
lymphocytes 16 per cent, monocytes 16 per cent 

Aspuation biopsy of the sternal marrow revealed no abnormality when 
performed soon after admission to hospital The urme showed no abnormality 
Repeated blood cultures were sterile The Widal, Wed Felix and Brucella 
agglutmation reactions were negative The Mantoux reaction, usmg a dilution 
of 1/100 old tubercuhn, was negative No evidence of any pulmonary lesion 
was demonstrable radiographically 


Autopsy findings 

A post mortem exammation was conducted 13 hours after death The 
body was that of a veiy palo and wasted young woman There were many 
petechim and ecchymoses over the body, particularly on the anterior abdommal 
wall, tho chest, lips, neck and lunbs Hypostatic stainmg was not marked 
and rigor mortis was present 

In tho mediastmum were some small reddish lymph nodes The other 
mediastmal contents appeared normal Each pleural cavity contamed 6 oz 
of blood stamed fluid There were diffuse ecchymoses beneath the visceral 
pleune, and apart from shght basal congestion the lungs showed no abnormality 
The pericardial cavity contamed 2 oz of shghtly blood stamed fluid There 
were peteohi® m tho epicardium and endocardium but no other abnormality 
was seen m tho heart 

The spleen weighed 611 g and the consistency was softer than normal 
No malpighian bodies were discermblo to the naked eye The liver was enlarged 
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(1569 g.) and presented an nnnsual appearance, being pale and fatty with a 
bluish discolouration aroxind the larger vessels. The various abdominal viscera 
all displayed this bluish discolouration but there was no other gross abnormality. 
The para-aortic and mesenteric lymph nodes were all slightly enlarged and 
red in colour. 

The sternal bone marrow presented a normal appearance to the naked eye. 
The femoral marrow was not examined owing to certain restrictions imposed 
by the relatives. 

Histology 

Spleen, The most prominent feature is the absence of malpighian bodies 
and lymphoblastic tissue. Haemorrhages are present throughout. In the 
medullary portion of the organ there is proliferation of large histiocytes and 
their precursors. Many of these have irregular large nuclei; some are multi- 
nucleate and a few bear a superficial resemblance to Dorothy Heed cells. The 
sinuses contain these large plump histiocytes which overshadow the ordinary 
sinus lining cells. Some histiocytes contain a few smaU droplets of fat while 
others contain varying numbers of ingested red blood cells. Hsemosiderin is 
present in the sinus lining cells and to a lesser extent in the large histiocytes 
lying in the sinuses. In general the architecture of the spleen is preserved but 
the sinuses are crushed by the great numbers of medullary histiocytes. 

Lymph nodes. The microscopic picture of the lymph nodes is particularly 
striking. Follicles have disappeared and in both the follicular and medullary 
portions there are a few lymphocytes and their precursors. The sinuses are 
enlarged and the sinus lining cells contain much hsemosiderin. Within the 
sinuses, too, are free erythro-phagocytic histiocytes. These contain very little 
pigment. 

Sternal hone marrow. Ordinary hremopoietic tissue is very scanty. Through¬ 
out are increased numbers of erythro-phagocytic histiocytes. 

Liver. Extreme fatty change is present. The KupSer cells are prominent 
and contain hasmosiderin. Some, in addition contain red blood cells. Tliere 
are occasional rounded erythro-phagocytic cells in the sinuses which contain 
no pigment. The fat of the porta hepatis contains erythro-phagocytic histio¬ 
cytes ; these are rather sparse. 

Heart. There are sparse erythro-phagocytic histiocytes in the epicardial 
fat and in the connective tissue trabeculse of the myocardium. Adipose tissue 
from the peri-renal area and in the lumbar vertebral areas contain sparse 
erythro-phagocytic histiocytes which here and there are aggregated in denser 
groups. 

No sections of skin were examined, and the other organs showed no 
abnormahty. 

Discussion 

The histological picture is that of a medullary reticulosis in which there is 
proliferation of erythro-phagocytic histiocytes in the spleen. Elsewhere, 
erythro-phagocytic histiocytes can be found, but their precursors are no 
apparent. .. 

This condition corresponds to 4 cases described by Scott and Robb-Snn 
and to six others they collected from the literature. The features of their ca^es 
as in the present case were splenomegaly with slight lymphadenop^ 7* 
progressive ansemia and wasting, pyrexia, terminal purpura and jaun ce. 
Although the histiocytic proliferation was often confined to several organs, 
overall findings were that the disorder was one of the whole lympho-rehc 
system. They observed that the bone marrow may show a maturation c 
in addition to the other changes. In the present case, however, there 
lack of haemopoiesis in that portion which was examined. This may s 
irradiation effect. 
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According to the concept of hyporsplenism na formulated by Doan find 
Wright (1946) and amplified by Datneshek and Bloom (1948) and Dameshek 
and Estren (1948), certain normal functions of the spleen become abnormally 
active thus leading to certam typos of anaemia with or without associated 
reduction m the other blood cells and/or the platelets Two of those functions 
are inhibition of maturation of the haemopoietic tissues and haemolytic activity. 
Accordmg to this concept there are certam diseases associated with hyper 
activity of the spleen This '* secondary ’* hypcrsplonisra is to be found m 
certam infections such as tuberculosis, syphilis and malaria amongst others, 
and certam other disorders such os Gaucher’s disease In addition there ig a 
“ primary *’ hyporsplenism in which the depressed marrow activity and mcreaged 
h'omolytic activity lend to panhscmocytop'cnia Dameshok and Estren stress 
the functional nature of the hypothesis and state that hyporsplenism bos no 
histopathological basis They never observed a generalised erythrophagocytosig. 

On climcal grounds, the present case falls mto the category of primary 
hypersplomsm m which there is a recognisable anatomical basis 

Summary 

A cose of histiocytic medullary reticulosis has been described The character 
istic features of this disorder are progressive cachexia and anscmia, fever, 
splenomegaly, generalised lymphadenopathy with termmal purpura and 
jaundice Tlie characteristic anatomical change is erythro phagocytosis and a 
proliferation of erythro phagocytic histiocytes m the spleen 

Thanks are due to the Medical Artistry Department of the University of 
Sydney for the photomicrographs 
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OBITUARY NOTICES OF DECEASED MEMBERS 

Stephen IRoobbousc (Blo^ne 

24tli DecemboJ* 1882—25Ui September 1950 
(Plate LIII) 

Stephen Roodhotjse Gloyne was born in London in 1882. His 
parents soon returned to their native Yoriishire and he went to school 
in Wakefield and afterwards to Leeds, where he graduated M.B., 
Ch.B. in 1906 and M.H. in 1909, being one of the first graduates of 
the new University. He spent some time at the iliddlesex Hospital, 
first as a student and later in the pathological department, and he 
also worked in the pathological laboratory at St George’s Hospital 
for the D.P.H., which he took in 1908, After the usual hospital 
resident posts and a spell of general practice in Selby, he was for a 
time a school medical officer in Surrey. He rarely went north after 
this period, though he always regarded himself as a Yorkshireman 
and he was a faitliful supporter of the county side at cricket. 

In 1911 he was appointed pathologist to the hospital in Victoria 
Park now known as the London Chest Hospital and he remained there 
until his retirement in 1948. He loved that hospital, which he saw 
through two wars, and his personality is woven into its fabric. His 
department was at first only a single small room, not even supplied 
with electricity, but Gloyne had already built up a fine service long 
before the accommodation caught up with him in 1926, 

At the outbreak of the second world war he had a fully equipped 
building with a large animal house and the Barnes Research Depart¬ 
ment, which he directed. The museum was already famous for 
a number of “ congenital ” hearts collected by Peacock, and Gloyne 
proceeded to add carefully selected specimens, chiefly of lungs, 
from his own practice. It was a sad morning for him when, in 1941, 
he found it in ruins ; only 18 out of 400 specimens were left and he 
remarked that his life-work had gone up in smoke. Gloyne quickly 
won for himself affection and respect from the honorary staff, and Ms 
little laboratory with its large open fire became a meeting place for 
consultants and residents alike, a habit which was not broken in 
the subsequent removal to larger premises. Later he became Dean 
of the Postgraduate Association and he took great pains in organising 
the teaching at the hospital. 

When lie retired he was given a grant by the Medical Research 
Council to work on the pathology of industrial pulmonary disease, 
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and, since this study was based on the statistical analysis of post- 
mortem records, he elected to work at the Institute of Social Medicine. 
The grant was a double joy to him. He felt that there was still a 
niche for him in the medical world, and he could be in Oxford. Once, 
when browsing round the Bodleian library with him, ^ one caught the 
impression that he was sensible of haying missed something in his 
early life. Oxford would have meant a great deal to Gloyne and it 
was a happy chance that sent him there in the end. At the time of 
his death he was also acting as consulting pathologist to the King 
Edward VII Sanatorium, Midhurst. 

In 1919 the journal Tubercle was founded and for the first year 
the editorial board was anonymous. In the second volume Gloyne’s 
name appears as editor and he continued to occupy this office until 
1937. The journal was originally intended for everyone interested 
in tuberculosis, whether lay or medical. Gloyne Idmself attached 
considerable value to the bibhography, which, month by month, 
kept readers in touch with the world Literature of the subject. 
Gradually Tubercle came to cater more and more for medical readem 
and in 1946, with Gloyne still an advisory member of the board, it 
became the organ of the British Tuberculosis Association, a purely 
medical society. 

Gloyne, however, never lost interest in the problem as a whole 
and his book, Social aspects of tuberculosis, was based on lectures 
which he gave for many years at the Royal College of Nursing. He 
had a respect for the work of nurses and almoiiers which was all part 
of his concern for the welfare of the patient. His pathological papers 
show orthodox scientific detachment, but his choice of subjects reveals 
a bias in favour of a fairly direct human contact, and in 1948 he was 
given the Weber-Parkes prize which is awarded by the Royal College 
of Physicians for work in the field of tuberculosis. 

Gloyne’s name is usually linked with tuberculosis and the pneumo¬ 
conioses, especially ashestosis. Interest in the latter was kindled by 
the proximity of a factory which kept him well supplied with material 
He made good use of the opportunity and published, in easily accessible 
journals like The Lancet and Tubercle, excellent descriptions of the 
morbid anatomy of naturally acquired ashestosis. The large number 
of cases involved drew attention to the hazard and was probably in 
some measure responsible for the improved safeguards which have 
been put into operation. He also did some experimental work on 
the subject and was the first to demonstrate the fine fibre of asbestos 
running through the centre of the asbestos body. One of the problems 
he discussed was the exact significance of asbestos bodies in the 
sputum, as he did not like hasty verdicts of disability to be based 
solely on their presence, which he regarded as a sign of tissue reaction 
and a danger signal, but not necessarily proof of progressive fibrosis. 

It was an important distinction for employers and gave hopes o 
recovery if such workers were removed from the industry. 
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Gloyne was always on tho look-out for the clinical implications 
of his observations and ho often talked about combined diseases which 
ho had noticed in iiis routine work. Tho association of tuberculosis 
with asbostosis, syphilis, heart disease, ansemia and vitamin deficiency 
was tho subject of various short papers. Ho was an observer, little 
prone to theorising, and did not permit himself to draw very definite 
conclusions from these associations, so ho will not have much to 
blush for when the Recording Angel confronts him with his written 
word. 

He did have strong opinions about some things, and milk was one 
of them. For many years ho examined milk for tho Essex County 
Council and as usual ho illuminated a routine job by careful scrutiny 
of his results and by experimenting, principally with the tubercle 
bacillus. Ho made it his business to find out details of tho dairy 
industrj^ and from this intimate Imowledge ho developed positive but 
not always printable opinions, Quito brieflj’' Iiis researches led him 
to tho conclusion that tuberculosis-free cattle were supremely important 
to tho farmer. They were also desirable for tho human population, 
but pasteurisation was and always would bo necessary in any case. 
Gloyne was very anxious that infections of milk other than tuberculous 
should not bo neglected by tho profession. His experience was that 
there was a real danger of Br, aborixts and streptococcal infection of 
man, oven from the best herds. For his O'wn grandchildren ho insisted 
on the provision of milk which had been well and truly boiled. 

Gloyne knew a groat deal about the histology of tho lung in health 
and disease and was recognised as an authority on pulmonary 
pathology. He was a member of the Medical Board for Silicosis from 
1931 till 1948 and he continued to examine sections for tho Board 


after his retirement. In 1938 ho wrote the chapter on pathology for 
the hook Silicosia and asbesiosis edited by Lanza. His little monograph 
on thoracic puncture fluids written in 1930, though not pretending 
to be comprehensive, is still one of the best accounts in English. 

It sometimes happens that a pathologist deliberately narrows his 
field so that he comes to be on closer terms with clinicians within 
that field than with those doing general pathological work. Gloyne 
was intimate with physicians and surgeons concerned with thoracic 
disease. He had been President of the British Tuberculosis Association 


and a Vice-President (by his own wish) of the Thoracic Society, but 
he was not personally known to many pathologists and it is on his 
work that he would wish to be judged by them. Gloyne really lived 
for his work: all day and half the night was his habit. He had a 
journalistic streak and was a regular writer of leaders and annotations. 

* Something for The Lancet ** was always on hand, requiring a basinful 
of midmght oil for its completion. He had a talent for extracting 
the essence of other men’s papers and adding observations of bis 
own which made his articles both interesting and easy to read. 

He had no recreations other than explormg Cistercian abbeys and 
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medical history, and it was a great satisfaction to him when liis life 
of John Hunter was in the press. The book is a dehghtfully discursive 
account of Hunter and bis environment and only a man with a very 
retentive memory could have called to the service of his pen so many 
literary and historical allusions. It is more than a portrait, it is a 
conversation piece, cleverly composed to give a balanced picture of 
Hunter's place in medicine, and Gloyne's choice of extracts from the 
letters to Jenuer light up the nature of the man in a few Hues. 

Gloyne was a very kind man. He had a friendly habit of introducing 
people to each other at meetings which was most helpful to newcomers, 
and his toleration of human frailty came in useful in the hospital 
community. He could stand fools gently if not altogether gladly 
and in his unobtrusive way he did a great deal for the understanding 
of clinically applied pathology. One feature of his publications was 
his aclaiowledgment at the end of the help of his chief technician, 
and Mr Smart's name always appeared in the annual reports of his 
department. It was very dear to his heart that the sldll and loyalty 
of technicians should be properly recognised when pathologists take 
to print. He was also a zealous man. Finding himself at an E.M.S. 
hospital near London with some students at a loose end, he immediately 
set about organising classes and soon had teaching in progress, roping 
in neighbouring Army and Air Force personnel, either for giving or 
receiving instruction. 

Gloyne and his wife joined the Society of Friends shortly after 
they married and he was buried at Jordans. Many Friends testified 
to his unfailing benevolence to anyone in need of help or encouragement. 

It is not given to many to be major prophets but lesser men also 
may have an abiding influence for good and Glo3me had the quality 
that endures. 

For some years he had suffered ffom diverticulitis and he had 
recently had a coronary thrombosis. But he could not bring himself 
to give up working, and in the end had a cerebral hemorrhage. He 
is survived by Mrs Gloyne and a son and daughter. 

Norah H. Schuster 
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(1931) whioh he wrote in collaboration with Dr Max Cutler, the 
substance of his observations and conclusions will be found. Recogni¬ 
tion of the value of his contribution in the campaign against cancer 
was the award by the Royal College of Surgeons in 1931 of the Wallmr 
Prize, and later he was honoured by the United States of America 
by an invitation to carry out an extensive lecture tour in the principal 
citadels. 

As a smgeon, as a teacher of the undergraduate and as a supporter 
of the academic life of the student he was equally zealous. Whatever 
Cheatle undertook he pursued with thoroughness. He could rise to 
any occasion on which his services might be most needed, as his 
records in the South African and 1914-18 Wars bear testimony; in 
the first he was Consulting Surgeon to the forces in the Field and was 
awarded a C.B.; in the second he was Consulting Surgeon to the Royal 
Navy, and appointed Surgeon Rear-Admiral. The standard he set 
himself was the highest and he encouraged all his co-workers in the 
pursuit of ideals as high as his own. John Everidge 
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Virus and rickettsial diseases 

By S P Bedson, A W Dowisin, T O ]VIacCaxj:,xjm and C H Stuaht 
Harris 1950 London Edward Arnold & Co Pp viu and 383, 
36 text figs 24s 

In spite of the outstanding importance of some of the virus mfections 
of man, many elmicians and medical students still look on virology as an 
esoteric science of relatively little mterest to the practismg physician 
The blame for this unfortunate attitude, as the authors of the volume 
admit in their preface, must bo attributed chiefly to the research worker 
for faihng to present the results of his work m acceptable form The four 
authors, each of whom is a distmgmshed researcher m the virus field, 
deserve great credit for rectifying this position, they present lucid and 
accurate accounts of practically all tlie known human virus diseases lo a 
form which should both arouse and raamtain the interest of the reader 

To imderstand the wide range of dissimilar phenomena and the diflicultios 
of applymg measures of control m the virus diseases, some Imowledge of 
the general characteristics, ecology and immunological reactions of the 
viruses themselves is necessary The first four chapters provide this 
essential background and, by frequent comparisons, clarify the similarities 
and dissimilarities between virus and bacterial behaviour Chapter five 
gives a good account of the nckettsira and the typhus group of fevers 
The various virus diseases are then dealt with mdividually Those m 
which the cetiological agents have not yet been isolated necessarily receive 
cursory treatment, but the others are adequately discussed from the aspects 
of clmical and pathological picture, virus characteristics, laboratory diagnosis, 
epidemiology, control and treatment The last chapter is devoted to a 
general consideration of the bactenophages and is mcluded chiefly becaiigo 
of the great contributions which bacteriophage studies have made to our 
understandmg of host vims relationships The practical importance of 
the phages m epidemiological mvestigations has, moreover, not been 
overlooked and is well illustrated by references to the phage typmg of 
Bact typhosum and of staphylococci As an appendix the available 
diagnostic testa and the materials from patients required for their perform 
once are summarised m tabular form 

The book should prove a useful addition to the library of the practising 
physician It will also be mvaluable to the medical student who hitherto 
has had no ready means of acqmrmg a balanced view of the place of virology 
m medical science and practice Tor the keen student references appended 
to each chapter offer access to more detailed information The authors 
have obviously bad no mtention of catermg for virus research workers 
but even these will not fail to obtain an adequate return for the modest 
outlay required to secure the volume 
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The pathogenesis and pathology of viral diseases 

Edited by John G. Kidd. 1950. New York; Columbia University Press: 
London ; Geo&ey Cumberlege. Pp. xx and 235 ; 107 text figs. 323 . 6d.' 

This volume contains fourteen contributions to a symposium held at 
the New York Academy of Medicine in December 1949.^ The title has 

been widely interpreted for the papers deal with such varied subjects as :_ 

the spread of viruses from infected to susceptible hosts (Shope), culture 
and effects of viruses in chick embryo cells (Buddin'gh), relationship of 
viruses and cells with particular reference to the interference phenomenon 
(Dalldorf), electron microscopy of viruses (Wyckoff), activators of viruses 
by absorption coffactors (Anderson), proliferative lesions caused by viruses 
and virus-like agents (Kidd), and the nature and pathogenesis of neuronal 
changes in poliomyelitis (Howe). Most of the articles contain much original 
material and the reviewer was particularly impressed by the discussions on 
cardiac lesions produced by viruses (J, M, Pearce) and on the pathogenesis 
of poliomyelitis. Tlie quality of many of the photomicrographic illustrations 
is particularly good- Much of the material here collected is not to be 
found elsewhere and this little volume should be a source of interest and 
pleasure to every worker in the field of virus diseases. 


Introduction to the bacteria 

By C. E. Clifton. 1950. New York, Toronto, London : McGraw-Hill 
Book Company, Inc. Pp. xii and 528 ; 180 text figs. 42s. 6d. 

Until fairly recently the study of micro-organisms has tended to be 
conducted in a number of separate compartments and, in Great Britain 
at least, it has been heavily weighted in favour of medical bacteriology. 
Eurthermore, biochemical and biophysical studies have lagged behind 
description and classification, and these again behind the more utilitarian 
study of practical application and diagnosis. The author of this useful 
and timely Introduction to the bacteria writes in his preface :—“ Bacteriology 
has progressed from a primarily descriptive science to one in which serious 
attempts are being made to interpret the bacteria and their behavior 
on the basis of modem biological, physical and chemical concepts. lu 
particular, in recent years the application of biochemical principles to 
the study of the bacteria has considerably enriched our imderstanding 
of these organisms The book is the result of endeavors over many 
yearn to digest and to condense for the general student the concepts of 
the what, the liow and the why of bacteria and bacterial activity in as 
simple and brief a presentation as appears to be consistent with the 
development of a fundamental understanding of the bacteria and related 
forms of life The author ranges beyond the bacteria proper and includ^ 
chapters on protozoa, algse and fungi. In a sense, therefore, the book is 
an introduction to the study of microbiology in general with the mam 
emphasis on bacteria. 

After an introductory chapter, which is partly historical, there are 
largely descriptive chapters on the observation of bacteria (microscopy* 
staining properties, differential stains), structure (including modern wor' 
with the techniques used by Robinow, Bisset and others and with ti® 
electron microscope), protozoa and algae, fungi, bacteria, with descriptm^ 
of the orders of the class Schizoxfiycetes, and viruses. Then follow chapte^ 
dealing mainly with biochemistry and biophysics, e-p. energy requkemen 
of bacteria, mechanisms of microbial respiration, metabolic groups 
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multiplication and death of bacteria These chapters demand a relatively 
advoncofi Ivnowlodgo of organic chemistry Next comos a chapter on 
microbial variation and another on the classification of the Eubacterimeae 
and the use of the Bergey sj’stom Whatov or doubts some bacteriologists 
may have about the classifications chosen in certain parts of Bergcy's 
Manual^ its all embracing character justifies its use when bacteria outside 
the medical field are considered, ns they must be m a book dcalmg with 
general bac’tonology Chapters on the bacteriology of sod, water and air, 
on food preparation and preservation and on industrial microbiology 
(fermentations by bacteria and moulds) provide a survey of many fields 
of applied microbiology The last four chapters cover mfection and 
resistance, serological reactions, Entorobactenacero and microbiology of 
infectious disease Tlie chapter on the Enterobactenaco® servos as an 
example of the methods used m isolatmg and identifying members of a 
largo and complex group of organisms which includes both pathogenic 
and non pathogenic species It demonstrates many prmciples of bacten 
ology which can also be applied to other families 

The numerous topics covered m order to give a comprehensive picture 
of modem bactenology con clearly be treated onlj at an elementary level 
mtlun. the 528 pages of this book Some clmpters ore weaker than others# 
for example those on mfection and resistance and on serological reactions 
which give 38 pages m all to these wide subjects But this may bo enough 
for the elementary student Perhaps the moat valuable achievement of 
the book IS to have united classical, descriptive bacteriology with modem 
microbiological chemistry for the student at the start of his studies Special 
topics can later be studied more mtensivelj from specialist books It is 
tlie begmner who has not hitherto been catered for enough by the provision 
of an all round view of general microbiology 

The book is on the whole well illustrated, although some of the photo 
graphs could be more informative and some omitted without loss The 
picture of Erwm P Smith on p 610 boars a strikmg resemblance to Theobald 
Smith A rather lorge number of spellmg mistalves has escaped the proof 
reader and there are some errors of fact Tliese imperfections will, it is 
hoped, be removed at the reprmtmg or in the new edition whicli will 
doubtless be demanded, smee it is clear that this book will prove very 
useful 


The diagnosis oi Salmonella types 

ByF Kauttmann 1950 Sprmgfield,El , CJharlea C Thomas Oxford, 
Blackwell Scientific Publications, Ltd Pp vii and 86 IBs 6d 

This book describes the practical classification of Salmonella by sero 
logical and biochemical methods Tlie methods are those used by the 
author at the International Salmonella Centre at Copenhagen and are 
for the most part standard practice, but the author’s view of slide agglutma 
tion as ** a technique (winch) gives such definite results that m most cases 
test tube agglutination is superfluous ” would not be accepted by most 
British becteriologists In the reviewer’s opmion the slide techmquo, 
provided suitably absorbed sera are used, is adequate for routine diagnostic 
work But the tube tost is essential for absolute identification and for 
tlio identification of new types, where semi quantitative as well as qualitative 
tests are required In view of the reliance the author places on the slide 
test it is strange that practically no reference is made to the occiurence of 
normal antibodies m rabbits 
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because they conceal and obscure the basic fact that the phenomena of 
anaphylaxis are the result of the reaction of antigen with antibody and 
misleading because they have given rise to theories which lack support 
other than that derived from a fantastic nomenclature. The technique of 
anaphylaxis is described under three headings, the preliminary sensitisation, 
the incubation or pre-anaphylactic period and the second or shocking dose 
of the antigen. The literature of passive anaphylaxis and the influenco 
of the recorded results on the theories of anaphylaxis are admirably 
reviewed. The Arthus* phenomenon is discussed. There follow valuable 
chapters on recorded observations of anaphylaxis in man, in mammals, 
in birds and in vertebrates. The difficulties which have resulted from 
observations recorded under the misleading title of Anti-Anaphylaxis are 
discussed. There are chapters on desensitisation and on the suppression 
of anaphylactic manifestations by anaesthetic and narcotic drugs, by 
drugs which suppress the action of histamine and by the prophylactic 
injection of normal serum. 

This is an excellent book which comprises within 187 pages a concise and 
critical survey of the more important papers on anaphylaxis which have 
been published during the last fifty years. It begins at the beginning of 
this difficult subject and gives a clear, critical and readable account of the 
steps by which our knowledge of anaphylaxis has been obtained. It provides 
within a small volume an introduction to anaphylaxis for the reader who is 
unfamiliar with the subject, and a concise work of reference which will 
be valued by the experienced serologist. 


Iiehrbuch der gerichtlichen Medizin 

By Axbebt Ponsoi*d. 1950. Stuttgart: Georg Thieme. Pp. xx and 
568 ; 169 text figs. DM 49, §11.65. 

The editor of this book. Professor A. Ponsold, is also the largest single 
contributor. Altogether, there are seventeen contributors and this co¬ 
operative effort shows both the advantages and disadvantages of this 
method of book production. The individual chapters, some of them highlj’’ 
specialised, are the work of experts in the respective fields and can therefore 
be taken as authoritative ; but there is considerable inequality of treatment 
such as can scarcely be avoided where so many experts are concerned. Por 
example, some sections are fairly well documented with references fco 
original papers ; others give a few key references; others give none 
at all. 

The book is addressed to both the medical and the legal professions, 
the legal side having, naturally, particular reference to German law. WInist 
this limits the value of the book for the non-German student, it is of value 
to those with an international practice necessitating a knowledge of German 
medico-legal relations. ^Moreover, it is of more general interest because 
of the discussions in the first two chapters—one on medical ethics w nc i 
includes a section on the difficult problem of euthanasia, and one on t 
medico-legal aspects of psychiatry. 

In general, the book follows along conventional lines, which makes it 
of no particular value to the non-German medical student whose purposes 
are better served by various books in his own language and related to ns 
own system of laws. It may, however, interest teachers of the subjec , 
since it provides certain novelties in presentation. Thus whilst conventiona 
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photograplis of post-mortem appearances, both naked eye and microscopic, 
are included amongst the illustrations, there are many clear line drawings 
and purely diagrammatic ekotches of the typo with wliich American text- 
books have familiarised us, and wliile some of them seem unnecessary, 
most are excellent for the purpose of presenting useful facts in a striking 
way. 

The discussion of the blood groups including the Rh factor is quite 
well done and as clear ns the present state of the sxibject permits. It is 
comprehensive and takes account of British and American work with n 
good selection of key references. 

The chapter on hairs which was written by Loohto contains no illustra¬ 
tions, and there is a complete absence of any reference to the important 
subject of toxicology. 

Taking it all round, the book is well printed and presented and well 
illustrated in general. 

Steroid hormones and tumors 

By Alexaitdeb Lipschutz. 1950. Baltimore ; The Williams and Wilkins 
Company: London ; Baillidre, Tindall and Cox. Pp. xiv and .309 ; 234 
text 6gs. 46s. Od. 

The foimdation of this book is a collective investigation by Dr Lipschutz 
and several colleagues into whether, where and how the steroid hormones 
may interfere in the dynamics of cancer. For the practical work in this 
research the guinea-pig was employed. In this animal a characteristic 
effect of oestrogen is the induction of fibroids of the peritoneum ; and 
these tumoiu^ have been used by Dr Lipscliutz as criteria in numerous 
quantitative experiments. The highly important results of these inquiries 
have been co-ordinated with the general body of our knowledge in the 
field of cancer, and this has been done with great care. 

Perhaps the most valuable discovery made in Dr Lipschutz’s laboratory 
has been that to cause peritoneal fibroids m the guinea-pig on unremitting 
.supply of oestrogen is essential, and not as might have been supposed 
excessive quantities provided at separate intervals of time. Remarkably 
small amounts of oestrogen will cause these tumours provided that it is 
available without cessation, and to ensure a constant supply the drugs 
to be tested were used in the form of pellets. Most workers in this field 
will support Dr Lipschutz in extending this setiological detail to the 
occ\uTence of tumours in the breast, uterus and other organs. Another 
noteworthy feature of this book is the emphasis which has been given to 
hormonal imbalance as an important and perhaps essential factor in the 
causation of tumours by steroid hormones. Though primarily concerned 
with experimental work on guinea-pigs, the varying forms of neoplasia 
in other species are not forgotten, and in no way can the work or conclusions 
of Dr Lipschutz and his colleagues bo neglected by clinicians. The book 
is a store of information which is made readily available by a comprehensive 
bibliography and a good index. 

Micro-analysis in medical biochemistry 

By E. J. Kino. 2nd ed., 1951. London : J. & A. Churchill Ltd. Pp. viii 
and 222 ; 3 figs, on 2 plates and 19 text figs. 14s. 

This edition is very similar to the earlier one, but additions have been 
made to bring it up to date, and consequently the size and price are some¬ 
what increased. 
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Undoubtedly the best part of the book is that w^hich deals strictly 
with micro-analysis, a held.in which the work of the author and his colleagues 
is well loiown. But the book includes more than the title suggests "and 
this is not so well done. The analysis of calculi, for example, occupies 
little more than two pages and refers only to biliary and renal calculi. 
Carbonate is referred to as a frequent constituent of the latter, but in 
man its presence in any appreciable quantity is rare; triple phosphate, 
which is a common constituent, is not mentioned. The description of the 
tests for proteins in urine is incomplete, Bence-Jones protein does not 
always behave in the manner referred to, and no detailed instructions for 
its detection are given. It ought, moreover, to precipitate at 40°-60® C., 
and not at 60°-70° C. 

'l^Tiere the book fails is in regard to the clinical interpretation of 
laboratory results. Abnormalities in the composition of human blood are 
given in a table occupying less than one page ; pathological changes in the 
cerebrospinal fluid are indicated in a table which takes up only one-third 
of a page. Some references to clinical applications are also made before 
describing methods of analysis, but in general these add little to what is 
in the tables and what they add is sometimes of doubtful value, displaying 
a lack of balanced judgment. Certain important non-renal causes of 
raised blood urea receive no mention, but the increased excretion of 
amino-acids in the urine in the Fanconi syndrome is included. The only 
cause given for low sodium concentration in the blood is Addison’s disease. 
Under plasma proteins nothing is said of the way in which these may be 
affected in liver disease, except in the table, where hepatitis is included 
as one of three causes of raised plasma globulin and myelomatosis is not. 
The statement is made that higher values than normal for urinary diastase 
are foimd in “ diseases of the pancreas ”, no distinction being made, for 
example, between acute and chronic pancreatitis. The author admits in his 
preface that what is said in this way “ may appear cryptic and inadequate 
to the clinician ” but justifies himself on the ground that laboratory workers, 
clinical pathologists and students have found these “ brief reminders 
useful in recalling what they have previously learnt but in part forgotten. 
But surely this can only be true if wliat they have forgotten is just those 
few things that the author has decided to remind them of. 

The book is really intended as a practical handbook for laboratory 
workers and it serves this purpose well so far as micro-analysis is concerned. 


Micro diffusion analysis and volumetric error 

By Eowabd J. Conway. 3rd ed., 1950. London: Crosby Lockwood 
& Son, Ltd. Pp. xxiv and 391 ; 75 text figs. 25s. 

The second edition, published in 1947, has already been reviewed in 
this Journal (vol. lix, p. 514), ^Tew matter appearing in the present edition 
of particular interest to pathologists includes methods for the determination 
of alcohol in blood and urine, of carbon monoxide in blood and of chloro orm 
in blood. All these use the well-known Conway microdifiusion teclmique 
and apparatus. The determination of ammonia, of total nitrogen, of 
and of carbon dioxide receive very full treatment in this edition. 
theoretical aspects of microdifiusion analysis are of necessity 
mathematically, and will present difficulties to some readers, bu 
need not deter them from taking advantage of the practical part, for ac 
methods are clearly and simply described. The last part of the boo 
volumetric error, is of considerable importance but, for many readers, 
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considerable difiiculty also Many workers who have to carry out volumetric 
analyses would bo grateful for a simpler and less mathematical troatmont 
of the subject, or alternatively, a mamly non-mathematical summary of 
the principles involved and the conclusions reached. 


Bibliography of electron microscopy 

Edited by V. E. Cosslett for the Institute of Physics. 1950. London 
Edward Arnold Co Pp 360. 403. 

Electron microscopy is now applied to most branches of science and 
has already acquired an extensive literature Tlio Electron MicroscQpy 
Group of The Institute of Physics has rendered a groat service by classifying 
most of the papers published up to the ond of 1948. By readmg the present 
book, the research worker is able to assess what new advances m lus own 
field have come from this powerful aid to fine structure analysis 
biological sciences are well represented and many papers are listed, dealing 
with bacteria, viruses, protems, tissue structure, etc , and the bibliography 
should prove valuable to medical research workers who collaborate With 
the electron, microscopist Perhaps one fault is that indeMng is by authi^r’s 
name rather than by subject matter, but this is no doubt unavoidable, 
for if a given paper mterests research workers in more than one branch 
of science, much cross reference would otherwise bo necessary. 
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SUPRARENAL HAEMORRHAGE AND 
NECROSIS IN PREGNANCY 

IMaeqabet D. CRATyroRD 

Research Department^ Royal Maternity Hospital^ QlasgoWy and Pathological 
Department^ St Qeorge^a Hospital Medical Schoolt London 

(Plates LIV and LV) 

In recent years there have been numerous reports of single case^ of 
suprarenal hoemorrhage or apoplexy ” associated 'with pregnancy 
aTid th& paeTp&Tmm and HeajikeD, Keels end 

1942; Dodds, 1945; Hurter, 1945-46; Burnett, 1948; Arnold, 
Richer and Lepore, 1949). Other workers have noted hiemorrhage 
and necrosis in the suprarenal cortex in association with fatal com¬ 
plications of pregnancy, e.g. with severe eclampsia (Way, 1947), 
with accidental haemorrhage (Chirie, 1908) and -with renal cortical 
necrosis (Jardine and Teacher, 1910-11 ; Evans and Gilbert, 1956; 
Reyna, 1936 ; Hertig, 1946). It therefore seems worth while to 
present a study of the post-mortem material from fourteen pregnant 
or puerperal cases in which suprarenal hsemorrhage •with or ■without 
necrosis of the cortex was found. .Twelve of the cases were soen 
during ten years (1936-1946) at the Glasgow Royal Maternity Hospital 
and two were seen more recently. The suprarenal lesions varied 
widely in typo and severity from case to case. Only cases in which 
these lesions were a striking feature have been included and an 
attempt has been made to group them according to tj^e of lesion and 
possible cause. Brief accounts of the clinical and pathological features 
of each case are given in an appendix. In none of the cases was the 
suprarenal lesion diagnosed during life and therefore mucii relevant 
clinical investigation is lacking. 

PATHOLOaiOAL FINDINGS 

The condition was easily recognisable at autopsy because of the 
haemorrhagic appearance of the suprarenals on surface and section. 
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In severe early cases the glands were swollen and plum-coloured, but 
in the later stages they tended to be more brick red. There was 
often an associated retroperitoneal mdema which was sometimes 
blood-stained and sometimes spreading down over the front of the 
kidneys. In over half of the cases both suprarenals were equally 
involved. In the remainder one gland was very much more affected 
than the other but a completely unilateral lesion was found in only 
one case. The lesions were always confined to the suprarenal cortex; 
the medulla was sometimes congested but never showed significant 
pathological changes. 

On microscopic exa min ation the lesions in any particular case 
appear to be aU of about the same duration, but there are obvious 
difrerences between the duration of the lesions in different cases. 
From a study of these fourteen cases it has seemed possible to discern 
two main histological types of lesion. These are described here 
according to their apparent duration as judged histologically. 

1. Multiple hcemorrhagic lesions. These lesions vary greatly in 
severity from case to case and even from one gland to another in 
the same case; they range from small patches of haemorrhage and 
extreme congestion of the zona fasciculata (fig. 1) to complete dis¬ 
ruption of the gland by haemorrhage—a true “ apoplexy ” (fig. 2). 

In the milder cases (cases 1, 3 and 4) the initial lesion can be studied 
more clearly. The haemorrhages often appear related to masses of 
enormously swollen, vesicular, cortical cells, some of which show signs 
of disintegrating (fig. 1). In severer cases (cases 2, 6, 8 and 14)— 
mainly those after dehvery or fits—^the haemorrhages .are larger and 
confluent so that the entire cortex may be involved and the columnar 
structure broken up. 

In patients that survive the lesion for 24 hours (cases 2 and 8) 
the cortical cells show signs of degeneration near the centre of the 
lesion. Their nuclei become shrunken and dark and begin to fade 
and the red corpuscles in the central parts of the lesion lose their 
haemoglobin although those at the periphery appear normal. Deposi¬ 
tion of a yellow crystalline pigment can be seen around the lesions 
and some polymorphonuclear infiltration occurs at the periphery. 
At a still later stage—about 36 hours—^the necrosis of the cortical 
cells becomes the outstanding feature (case 6). Some of the nuclei 
of the cortical cells in the lesions show smudgy pyknosis, while others 
stain very poorly or have disappeared. There are only a few red 
cells left in the area and those that are present are devoid of hsemo- 
globin and appear to be degenerating. The necrotic area is usually 
surrounded by a zone of congestion and hremorrhage ; the cells of the 
reticular layer appear to be healthy although this zone may be so 
grossly congested that individual cells appear to be lying in blood 
spaces. 

2. Necrotic lesions. This group consists partly of cases which 
survived the initial lesion longer than those of group 1, the apparent 
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G. 2.—CnsoG. Suprorennl cortex show* 
ing disruption by lisemonlmge. H. and 
E. XI00. 


Fio. 4.—Case 11. Suprarenal cortex shoeing 
massive necrosis with loss of haemoglobin in 
mid*cortex. Surviving medullary cells are 
present. H. and E. X60. 
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duration varying from about 30 hours to 9 days. Tho supraronals 
show massive necrosis of the cortex. In cases 6, 9, 10 and 13 the 
lesions are patchy and surrounded by a congested zone (fig. 3) while 
in the remaining cases (cases 7, 11 and 12) the whole cortex appears 
to be necrosed except for a few groups of cells in the zona glomerulosa 
(fig. 4). In the lesions of longest duration (case 7, nine days ; case 12, 
seven days) nuclear staining is completely absent from the necrosed 
area except for a zone of karyorrhectio nuclear dust beneath the 
zona glomerulosa: the cortical cells remain as ghosts within the 
columnar fibrous structure which is not disrupted. In case 7 there 
is considerable endothelial and fibroblastic proliferation in the surround¬ 
ing tissues ; no remains of hsemorrhage can bo seen and there is no 
polymorph infiltration. In the less advanced cases (cases 6, 9, 10, 
11 and 13) with lesions estimated as from 36 hours to 0 days old, the 
nuclei of the cortical cells in the affected areas are seen in var 3 nng 
stages of disintegration. Considerable polymorph infiltration is seen 
in cases 9, 10 and 11 but not in the others. Only in the cases of about 
36-48 hours’ duration (cases 6, 9, 10 and 11) can red cells still he seen 
in the necrosed areas and they all show loss of hcemoglohin (fig. 6). 

Fibrinous thickening of the sinusoid walls in the congested areas 
surrounding the lesions was noted in a few cases in each group and 
red granular thrombi were present in some of the sinusoids in the 
necrosed area in the case of longest duration (case 7, nine days). 
These were of a secondary change in the development of the infarct. 
Arterial thrombi were not found in any case. 

Venous thrombosis was found in only three cases of the present 
series (cases 6, 8 and 12). In case 6 there was recent thrombosis of 
the central vein of the left gland and in this gland the cortex was 
disrupted and contained massive hiemorrhages. There wore numerous 
htemorrhages in the right gland but its vein was empty. In case 8 
there was white thrombus in both suprarenal veins and both cortices 
were grossly congested and showed some absorption of the cortical 
cells. In case 12 there was tlirombosis of the left suprarenal vein, 
while the left gland showed only slight hsemorrhagic lesions. In the 
right gland the main central vein was empty but smaller medullary 
veins were blocked by thrombi and here the entire cortex was in a 
state of advanced necrosis. 

Pathogenesis and .aeTiOLOoy 

No obvious local primary lesion has been found in the present 
series to account for the suprarenal hsemorrhages and necrosis. By 
analogy with renal cortical necrosis a vascular catastrophe may bo 
surmised to be its direct cause although arterial lesions were not 
found. Thrombosis of the central vein or its tributaries has been 
described in several of the reported cases (Hall and Heraken ; Kcolo 
and Iveelo; Arnold, Richer and Lepore) and in each the thrombosis 
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is considered to be a primary factor; Hall and Hemicen state that 
venous thrombosis, due to various conditions, is the commonest cause 
of suprarenal haemorrhage in adults. This conclusion, however, was 
reached from studies on single cases and is not supported by the 
findings in the present fourteen cases. In only three of the fourteen 
cases of the present series was venous thrombosis found. Furthermore, 
thrombosis of the central vein has been observed in one obstetric 
patient, not included in this series, who had no suprarenal lesion at all. 
It would appear, therefore, that thrombosis of the central suprarenal 
vein may occasionally be fotmd in association with suprarenal damage 
but that the two findings are not necessarily interdependent although 
both may be the result of a common cause. 

The condition does not appear to be related to labour, for six 
of the fourteen patients were undehvered or had suprarenal lesions 
which quite clearly dated from before delivery. One outstanding 
predisposing factor would appear to be toxmmia of late pregnancy— 
particularly vomiting of late pregnancy. In five of the present cases 
(cases 4, 5, 6,11 and 12) there was very severe vomiting of late pregnancy 
with consequent metabolic disturbances, such as dehydration, acidosis, 
increased blood concentration and azotmmia; cases 5 and 11 also 
showed severe anaemia which is sometimes associated with late vomiting 
and in cases 4 and 12 signs of Wernicke’s encephalopathy were present. 
This finding is of special interest as Supplee, Bender, and Kahlenberg 
(1942) found suprarenal haemorrhage and necrosis in rats kept on a 
diet deficient in pantothenic acid; sudden death without signs of 
impending collapse was frequent among the rats. Eclamptic con¬ 
vulsions occurred in cases 1, 2 and 3 and there were elcamptic Uver 
lesions in cases 4 and 14. Thus in nine of the fourteen cases there 
was some severe metabolic disturbance. 

During the period in which the present cases occurred, patients 
with h 3 q)ertensive toxaemia of pregnancy were extremely common 
in the wards of the Glasgow Royal Maternity Hospital but cases of 
vomiting of late pregnancy were relatively rare. The number of 
cases of the latter condition found in this series is therefore striking. 
The incidence of eclampsia (21 per cent.) is approximately the same 
as its incidence in the total number of autopsies performed in the 
Glasgow Royal Maternity Hospital during the same period, and the 
incidence of suprarenal lesions found in fatal eclampsia is about 
2-5 per cent. This is a very different incidence from that found by 
Way who noted suprarenal lesions in 11 out of 33 cases of fata 
eclampsia (33 per cent.). 

Another factor of possible setiological significance is infection, 
six of the patients (cases 8, 10, 11, 12, 13 and 14) there was some 
clinical or post-mortem evidence of infection but unfortuna y 
bacteriological examinations were not made. These cases may, 

therefore, be related to the well-known Waterhouse-Friderichsen 
syndrome. 
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The final factor which must he noted is that all the patients of 
this series, Avith the exception of the three eclamptic cases, were 
given intravenous infusions of either glucose>saline or blood or 
both and in some the transfusions were given at a time when, as 
judged histologically, the suprarenal lesions might have originated. 
The question of the absolute sterih'ty of these transfusions must be 
raised. They were given to patients extremely debilitated as a result 
of vomiting, or to patients who had some clinical evidence of infection 
and many of whom had suffered severe blood loss : it is therefore 
possible that grave damage was caused either by a few organisms 
injected with the fluids or by organisms swept into the general 
circulation from the uterine veins as a result of circulatory change^. 

The condition is in some ways analogous to renal cortical necrosis 
which can be produced experimentally with staphylococcal to^cins 
and it resembles closely the Waterhouse-Friderichsen syndrome which 
occurs in meningococcal septicjemia; it is, therefore, possible that 
organisms or a preformed toxin in the injected fluids might be the 
cause of the suprarenal cortical damage in some cases, 

Clinioal cottrse 

Signs and symptoms. It will be seen from the case notes given 
in the appendix that the patients suffered from a great variety of 
the most serious complications of pregnancy and this mahes it very 
difficult to unravel the clinical effects of the suprarenal lesion. Kcele 
and Keele give a detailed description of the right-sided pain in a 
patient with a right-sided lesion and this, with repeated vomiting 
and the absence of abdominal rigidity and shock, they consider to be 
the syndrome of vascular catastrophe in the suprarenals. In the 
present series, cases 1, 6 and 7 were recorded as complaining of transient 
severe backache and cases 4 and 8 of transient severe epigastric pain. 
In these five patients the histological stage of development of the 
suprarenal lesions at death was such that the initial lesion could 
'weU have occurred at about the time of the pain. The absence of any 
record of pain in other patients may not be significant; backache is 
such a common complaint of obstetric patients at about the time of 
delivery that it is not usually noted in clinical histories. Vomiting, 
sometimes blood-stained, was noted in several cases. In three of the 
present series and in the case reported by Hurter the symptoms came 
on suddenly during or immediately after blood transfusion, closely 
resembling the effect of a mis-matched transfusion. 

Late effects. Death associated with destructive lesions of the 
suprarenal cortex in non-obstetric cases may occur in various ways. In 
experimental animals, bilateral adrenalectomy results in death after 
a few days during which the animals show a rapid decline to severe 
asthenia; there is loss of appetite, nausea, diarrhoea, haemo-con- 
ceutration and a fall in blood pressure. The Waterhouse-Friderichsen 

PATH. BACT.—VOL. ixm 2 A 2 



370 


MABQAEET D. CRAWFORD 


syndrome—fulminating meningococcal septaemia associated with 
extensive haemorrhages in the suprarenal cortex—is an illness lasting 
usually only a few hours and ending in sudden death. Chronic 
suprarenal insufidciency, associated with long-standing and often 
gross destructive lesions of the cortex, may be manifest as Addison's 
disease ending usually as a ‘‘ crisis ”, or it may be symptomless ending 
in sudden and unexpected death after slight malaise for only a day 
or two. 

The question arises in the present series as to how far death is to 
be attributed to the suprarenal lesions. None of the patients had 
total destruction of the cortex of both glands so that it is not surprising 
that the adrenalectomy syndrome did not occur. None of the cases 
had survived long enough to develop Addison’s disease. Three of the 
patients (cases 1, 2 and 3) died in coma due to other conditions and 
the suprarenal lesions do not appear to have played any significant 
part in the issue. On the other hand, death was due to sudden and 
unexpected collapse in nine of the fourteen cases reported though 
certainly some of the patients were already seriously ill. This similarity 
in the type of death to that in the usual Waterhouse-Triderichsen 
syndrome and in the non-Addisonian suprarenal destructions suggests 
that at least the suddenness of the death may be related to the 
suprarenal lesions. In the remaining two cases death was due to 
severe and prolonged shock which did not respond to the usual 
treatment and it is possible that the suprarenal lesions may have 
prevented recovery. It is, of course, clear that the cause of the 
suprarenal lesions may have been the actual cause of death in many 
patients. 

It is clear that patients may recover from quite extensive haemor¬ 
rhage and necrosis. In cases 7, 9 and 12 the patients had obviously 
survived for many days after the suprarenal necrosis had occurred 
and death in each case was due to some intercurrent condition. If 
fortune had been more favourable presumably these three patients 
would have recovered-, as their suprarenal lesions, though extensive, 
were not equally severe on both sides. Thus it seems reasonable to 
presume that there are some patients with suprarenal lesions of this 
type who do in fact recover. It is impossible to say how many such 
patients there are, as the suprarenal lesions at the initial stage cannot 
be diagnosed with certainty by present clinical methods. The 
subsequent course of the suprarenal lesions in the surviving patients 
can be prognosticated from ordinary pathological principles. Small 
cortical hsemorrhages would either be absorbed or heal with small 
scars ; the healing of the large areas of necrosis which involve the whole 
cortex would, however, result in a very thin cortex consisting almost 
entirely of fibrous tissue, possibly showing some roimd-cell infiltration 
and with occasional small areas of surviving cortical cells which won a 
give rise to hyperplastic nodules. These appearances are in fact seen 
in a number of patients who die of Addison’s disease not due o 
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tuberculosis, as described by Barnard (1930), Guttman (1930), Hellier 
(1930) and Susman (1930.) The condition is sometimes referred to 
as cortical atrophy but tliis term is better kept for the true atrophy 
which occurs in hypopituitarism. Guttman, in a comprehensive review 
of 566 deaths due to Addison’s disease, found that in 70 per cent, 
the destruction was due to tuberculosis, 19 per cent, were what he 
called “ primary contracted suprarenals ”, and the remaining 11 per 
cent, were due to a variety of causes such as tumour, amyloid, etc. 
It is of interest that while he found males to predominate over females 
in the tuberculosis group by about 2 to 1, in the ” primary contracted ” 
group females predominated by 1 - 6 to 1. In both groups the maximum 
number of deaths occurred at the age of about 38 years. Susman 
gives detailed pathological findings of five cases of Addison’s disease 
due to atrophy of the cortex of unlmown setiology and of these cases 
four were females and one male. In a second paper (Susman, 1936) 
dealing with the incidence of “ atrophy ” of the adrenals he finds 
that from results published in England 33 per cent, of cases of Addison’s 
disease are due to ** atrophy ” while the results from other countries 
show about a 10 per cent, incidence. In the English group females 
predominated over males by almost 6 to 1 and all the females were 
aged between 36 and 46 years. Susman and Guttman both describe 
the ” atrophy ” of the cortex as of unknown setiology. It appears 
probable that many of these ” atrophic ” suprarenals may have been 
the healed stage of aome severe acute destructive lesion which occimred 
some time, perhaps years, previously. Eurther study is required to 
assess how many may have originated as non-fatal cases of the 
obstetric type described here or of the Waterhouse-Eriderichsen 
syndrome. A term such as post-necrotic scarring of the suprarenals 
would be a more accurate description of the pathological state of these 
glands than the terms “ primary contracted suprarenals ” and 
“ atrophy of the suprarenals ” used by previous writers. 

The suprarenal of a scarred-cortex case is shown in fig. 6. This 
woman had one pregnancy which was reported as normal but after 
delivery she was moved to an isolation hospital for puerperal pyre^da. 
She responded moderately well to treatment but died in a typical 
Addisonian crisis about two years later. At autopsy no suprarenal 
glands could be found but sections taken from the fat in the neigh¬ 
bourhood showed surviving suprarenal medulla, some masses of small 
round cells and a few surviving cortical cells (fig. 6). 

Eisoussion 

A study of the literature on suprarenal hremorrhage and necrosis, 
excluding weU-defined syndromes such as the Waterhouse-Friderichsen 
syndrome and the suprarenal haemorrhage of infancy, reveals a 
remarkable complexity and variety of associated conditions. Haemor¬ 
rhage and focal necrosis in the suprarenal cortex have been reported 
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in cases of cortical necrosis of the kidneys by Weaver and von Haam 
(1939), Jardine and Teacher, and Evans and Gilbert. Tliree of these 
cases (Jardine and Teacher, 2 cases; Evans and Gilbert, 1 case) 
occurred in pregnant women suffering from extremely severe eclampsia, 
while the case of Weaver and von Haam followed tonsillitis. The 
changes described in the suprarenals closely resembled the findings 
in some of the present series but cortical necrosis of the kidneys was 
not found in any of the present cases. Rich (1944) describes a focal 
necrosis of the suprarenal cortex in two non-pregnant patients with 
fulminating infection. Mitchell and Angrist (1943) describe focal 
necrosis of the suprarenal cortex without gross hsemorrhage in eighteen 
cases, mainly acute infections, and from the multiplicity of actiological 
factors they conclude that there is a physiological factor in the 
production of the necrotic lesions. 

Many of the cases so far reported have occurred in pregnancy. 
Arnold, Richer and Lepore found that five out of eighteen previously 
reported cases of suprarenal hsemorrhage were pregnant women and 
they consider that there must be an increased liability to the lesion 
during pregnancy. This is supported by the fact that there are now 
more than 20 recorded cases of suprarenal hsemorrhage associated 
with pregnancy in addition to the 14 cases reported here. The reason 
for this association is perhaps the co-incidence during pregnancy 
and the puerperium of the increased risks of metabolic deficiencies 
and of massive infection. Certainly these two factors, together or 
separately and in varying degree from case to case, appear pronainent 
in the present series and also in the previously reported cases associated 
with pregnancy. The condition must be regarded as a similar 
phenomenon to the Waterhouse-Friderichsen syndrome but with 
different mtiological factors. 


SuMlVlARy 

Fourteen cases of haemorrhage and necrosis of the suprarenal cortex 
during pregnancy and the puerperium are reported. The totolo^ 
of the lesions is described and the clinical aspects of the cases discusse . 
Massive infection and the toxaemias of late pregnancy associated wit i 
severe malnutrition appear to be possible aetiological factors. 

Non-fatal cases may later develop Addison's disease and have 
severely scarred or almost non-existent cortices; they presuma j 
form part of the group previously described as primary contracte 
suprarenals ’’ or atrophy of the suprarenals," but more appropriate y 
named post-necrotic scarring. 

I am greatly indebted to Professor H. L. Sheehan and Professor T. 
for their generous help in the preparation of this paper. Thanks ^re a so 
to Dr Lederer, Doncaster Royal Infirmary, for the notes and matena ro 
case of Addison’s disease. 
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Appendix 

Summaries of case reports 

Case 1 Aged 36 years, 6th pregnancy She developed oedema and at 
28th ireek had sudden severe back pam One liour later she became comatose 
and died in 3 hours \7ithout bemg delivered Autopsy showed evidence of 
malignant hypertension with gross eclamptic lesions m the liver and a large 
cerebral hTraorrhage Both suprarenal glands showed multiple patches of 
haemorrhage deep m the cortex but no necrosis Venous thrombosis and poly 
morphonuclear infiltration were not present but there was marked round cell 
infiltration The lesions were judged only a few hours old 

Case 2 Aged 25 jears, 4th pregnancy She developed oedema, anorexia 
and asthenia durmg the last month of pregnanej One week before term she 
became suddenly blmd and was delivered spontaneously after 6 hours labour 
She collapsed and 10 hours after delivery had 3 fits and became comatose 
(Temp 102“ 106“ F , Pulse 160/mm , Blood urea 112 mg /100 ml, Blood unc 
acid 14 mg /lOO ml) She was given 150 ml of 60 per cent glucose solution 
mtravenoualj but died 42 hours after deluery Autopsy showed broncho 
pneumoma, eclamptic lesions m li\er and kidney and petechial hsemorrhoges 
m the bram and endocardium The suprarenal glands showed gross distension 
of the central \ eins and cortico medullary regions with hzemorrhage radiatmg 
mto the outer cortex There was some necrosis and absorption of the cortical 
cells m the most congested areas but elsewhere the cells appeared norma! 
The R B C m the deeper laj ers of the cortex showed loss of haemoglobin There 
was no pigment and polymorphs were scantj The lesions appeared of about 
36 hours’ duration 

Case 3 Aged 35 years, 6th pregnanej She had no antenatal care but 
de\ eloped some cederoa and was delivered spontaneously at 40 weeks She 
collapsed 5 hours later and had 2 eclamptic fits Death occurred 41 hours 
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CYLINDROMATOUS MUCOUS-GLAND TUMOURS OF 
THE TRACHEA AND BRONCHI; A REPORT OF 
THREE CASES 

E. H. E. Belsey and J. C. Valeotine 

From the West Regional Thoracic Unit and the Department of 
Pathology^ University of Bristol 

(Plates LVI-LVni) 

Reisneb in 1928 described a benign epithelial tumour of the bronchus 
and drew attention to other possible cases in the German literature. 
Since then there have been many and full accounts of such tumours 
by American, British and Scandinavian authors (Wessler and Rabin, 
1932; Jackson and Konzelmann, 1936-37; Poster-Carter, 1941; 
Engelbreth-Holm, 1944-45; Moersch et al., 1945; Holley, 1946). These 
tumours are usually referred to as adenomas and consist of solid masses 
of cells of remarkably uniform appearance supported by a scanty 
vascular stroma and often having an acinar arrangement. 

There is, however, another epithelial tumour of the trachea and 
bronchi which runs a relatively benign course, but which, although 
in many respects resembling the commoner adenoma, differs greatly 
from it in its histological appearance. This is the so-called cylindroma. 
This term was originally coined by Billroth (1856, quoted by Kramer 
and Som, 1939) to describe a tumour of the orbit in which there were 
inte^t^vining cylinders of epithelial cells in a hyaline stroma. Since 
Billroth’s original description the term has been much abused and 
in 1877 Heschl pointed out that there were three different types of 
cylindroma and then added a fourth : this was a connective tissue 
tumour of the lung and appears to have little relationship to the 
cylindroma described by Billroth. Cylindroma of the lung has been 
adequately described in America (ICramer and Som, 1939 ; McDonald 
et al.f 1945 ) but has received little attention in the British literature 
and we have found records of only four cases. Cann (1938) reported 
two basal-ceU. carcinomas of the trachea which were substantially 
the same as the tumours here described. Foster-Carter’s case 16 and 
case 6 of Willis’s (1948, p. 379) collection of pulmonary tumours are 
also of this type. In view of this virtual omission from the British 
literature we wish to report three such cases which have come under 
the care of one of us (R. B.) in the last 7 years. 
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Case Reports 
Gas© 1 
Clinical history 

K. P., a man aged 64 years, 'was admitted •with a history of eight attacks 
of right-sided pneumonia during the previous two years. Cough and expectora¬ 
tion of blood-streaked sputum had persisted for the last seven months. Tliero 
was collapse of the right middle and lower lobes. Bronchoscopy showed complete 
obstruction of the right stem bronchus just below the upper lobe orifice by a 
tiunour having the macroscopic appearance of the polypoid t37po of broncho¬ 
genic carcinoma. As much as possible of the tumour was removed with biop^ 
forceps to permit drainage of the obstructed segments of lung tissue. Histological 
examination of these fragments failed to show whether the “ tumour ” was 
neoplastic or inflammatory. Following partial removal of the tumour the 
right middle lobe re-expanded. A right pneumonectomy was performed and a 
post-operative course of X-ray therapy to the chest was given. When seen 
three months later he was well, but four and a half months after the operation 
he died at heme and no autopsy was perfotmed. 


Pathological examination of the tumour 

The original bronchoscopic biopsy contained fragments of bronchial 
mucosa beneath wMcb were what appeared to be dilated mucous 
glands and it was thought that this might be due to inflammatory 
reaction. Later, when the sections of the tumour were examined, it 
became clear that what had been thought to be dilated mucous glands 
were in fact part of the tumour and it should have been possible to 
diagnose the condition from the original biopsy. 

The tumour measured 5 cm. in its greatest diameter. It arose 
by a broad base from the main bronchus of the right lower lobe and 
projected into the lumen in polypoid fashion towards the trachea for 
a distance of 2-5 cm. This extension was blunt and presented on the 
whole a smooth appearance, but closer examination showed it to have 
a mammilated surface. There was a similar but much smaller extension 
of the growth peripherally which completely blocked the main bronchus. 
Beyond this obstruction the bronchus was dilated and filled vdth thic" 
yellow pus. The tumour was firm and elastic and varied in colour 
on section. In places it was homogeneous and white, with fine fibrous 
trabeculse : other portions were almost gelatinous in appearance. 
Although the tumour was for the most part well circumscribed an 
appeared to be compressing rather than infiltrating the surroun g 
structures, invasion was evident in places. A hilar lymph node was 
much enlarged and contained obvious tumour tissue of precisely ^ 
same macroscopic appearance as the tumour in the bronchus. 

Histologically the bronchial epithelium is intact over much o 
tumour but in places has been destroyed by inflammation. ^ 
point exuberant granulation tissue has burst through the 
to enter the lumen of the bronchus. The tumour has a charac 
pattern (figs. 1 and 2) consisting of masses of epithelial cells surroun 
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spaces wHcit are usually filled with homogeneous eosinophilic material. 
These spaces vary from five to several hundred microns in diameter. 
Serial section shows that many of them are tubular in shape and 
that they communicate with one another. The cell masses are set 
in a hyaline or mucoid stroma, in addition to which there is a loose 
and rather inconspicuous fibrous tissue framework with occasional 
smooth muscle cells. The amount of mucoid material varies greatly, 
being scanty in the cellular areas while in other places it is contained 
within large spaces lined with flattened or cubical epithelial cells, the 
appearance being not unlike that of a coUoid goitre (fig. 3). In some 
places the amount of mucoid stroma is greatly increased so that a 
lacework pattern is produced in which the epithelial cells are greatly 
distorted, becoming stellate or elongated. This has proceeded to 
such a degree that in some places the tumour is largely composed of 
mucoid material with isolated clumps or single epithelial cells enmeshed 
within it (fig. 4). This gives rise to an appearance closely resembling 
that seen in “ mixed ” parotid tumours. In yet other places the 
epithelial cells at the centre of the cell masses are arranged in a loose 
network while those at the periphery are lined up in palisade fashion 
like an adamantinoma or basal-coil cancer of the skin. 

The tumour tissue generally is well circumscribed and contained 
within a fibrous-tissue capsule produced by condensation of the 
Burroimding lung tissue. There is, however, definite neoplastic invasion 
of bronchial cartilages, lung tissue and perineural lymphatics. An 
intrapulmonary lymph node as well as the hilar node mentioned 
previously also contains tumour. 

In the more cellular areas the size and shape of the cells are variable, 
being either round, spindle-shaped or triangular. The nuclei are 
usually small and darkly staining, though some are paler and these 
contain a fine evenly scattered chromatin network and often a single 
nucleolus. Mitotic figures are generally few, but in places, particularly 
where the cells are closely packed, as many as three per high-power 
field are found. 

Some of the spaces are lined by cells which differ &om the usual 
in being larger, their cytoplasm in particular being quite abundant. 
The nuclei are rounder and more pale-staining but the most striking 
feature is that a number possess well-developed cUia at their free 
margin (fig. 5). Sueh cilia are found in spaces as small as 20 p in 
diameter. Occasionally one finds spaces such as the one illustrated 
in which one side is lined with ciliated epithelium while the opposite 
side is lined with flattened cells which shade off imperceptibly into 
the ordinary tumour tissue. We believe that the ciliated epithelium 
is part of the tumour. 

Several methods for staining mucin were used and gave strongly 
positive results in places, hut negative results in others. The staining 
is usually more strongly positive in the larger spaces. No argentaffin 
granules are demonstrated in any of the tumour cells. 
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Case 2 

Clinical history 

F. M., a woman of 41 years, was admitted in 1943 with two years’ historj 
of dyspnoea, and discomfort in the right chest. There had been a hromoptysi! 
just before admission. The patient appeared well and there were no abnorma; 
physical signs, but X-ray examination of the chest suggested collapse of nr 
azygos lobe at the apex of the right lung. Bronchoscopy revealed a tumoia 
with the smooth polypoid appearance characteristic of a benign adenoma. 
It was growing into the right main bronchus from the right-hand wall and 
almost obstructing its lumen. A biopsy was reported as benign adenoma ol 
bronchus. 

At operation the tumour was found to extend through the wall of the 
bronchus, obstructing the branch to the azygos lobe and extending upwards 
to involve the lower end of the trachea for half a centimetre above the level 
of the Carina. A right pneumonectomy was performed and the infiltrated 
portion of the tracheal wall resected. 

The patient remained well for six years but was then re-admitted with 
dyspnoea and stridor. Bronchoscopy showed an extensive recurrence of tbo 
tumour, which was now obstructing the lower end of the trachea and extending 
upwards to involve the greater portion of the intrathoracic segment of the 
trachea. The tumour was very vascular. A biopsy showed the same appearance 
as before. Extensive resection and reconstruction of the intrathoracic trachea 
was performed but it was not possible to remove an extension of the tumour 
,down the medial wall of the left main bronchus. There was no evidence of 
lymphatic spread. Early convalescence was complicated by obstruction in 
the reconstituted trachea but this was relieved by bronchoscopy and the patient 
is now, 18 months after the operation, well, except that mild stridor is stiU 
present- 

H'zsfoloffy 

The original biopsy sections were available for study. They show 
a picture identical with that of case 1 except that no ciliated epithelium 
is found in any of the sections. As in the first case, perineural lymphatic 
invasion is a prominent feature and in places mitotic figures are 
numerous. Further material from the recent recurrence shows precisely 
similar appearances, including prominent lymphatic permeation 
(fig. 6), and there is also invasion of the bronchial cartilage. The 
mucous membrane is still intact over the surface of the tumour (fig» V' 


Case 3 

Clinical history 

D. C., a woman of 42 years, was admitted in 1944 complaining of 
and a non-productive cough. Two years previously a cyst was sai 
have been removed from the trachea through the bronchoscope and the 
received a course of X-ray therapy lasting three months. 

She was emaciated and stridor was marked. Bronchoscopy revea 
tumour with the t 3 ?pical appearance of a bronchial adenoma almost comp ® ^ . 
obstructing the lower third of the trachea. A biopsy showed a benign trac e 
adenoma. There was no evidence of metastasis. ^ . 

A right transplemal thoracotomy was performed and a portion of 
wall bearing the tumour and its base was excised and the resulting 
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repaired. Convalescence was uneventful and the patient’s symptoms were 
relieved. 

A year later she was readmitted with recurrence of the tumour at the some 
site and a return of wheezing and cough. Biopsy showed the same appearance. 
The stridor became rapidly worse and an extensive resection of the intrathorscic 
trachea with plastic reconstruction was carried out. The growth was foimd 
to infiltrate the tracheal wall extensively from the level of the carina to a point 
about one inch below the apex of the thorax, but had not encircled the lumen. 
The patient was again relieved of all symptoms for a year but then relapsed 
and died. At autopsy there was further recurrence in the right main bronchus 
and upper part of the intrathoracio trachea; there were also seedling nodules 
in the right pleura, probably implanted at the time of the second operation. 


Histology 

Sections from the original biopsy and a portion of the pleura 
removed at autopsy were available for study. These show precisely 
the same appearances as those of case 2, but in this instance lymphatic 
permeation is found only in the specimen of pleura. 

Discussion 

Morbid anatomy and histology 

There is little in the naked-eye appearance which serves to 
distinguish the cylindroma from the ordinary adenoma unless it be 
the slightly glassy or gelatinous appearance which they possess and 
their tendency to involve the trachea more commonly than the 
bronchus, which the adenoma rarely does (McDonald et al.). When 
they do arise in a bronchus it is almost invariably a large one and a 
polypoid tumour is formed, the portion projecting into the lumen 
being directed towards the trachea, due, it is thought, to the convulsive 
efforts of coughing (Kramer, 1930 ; Schwartz, 1944). They arise by 
a broad base and the extra-bronchial portion may be of considerable 
size. The tumour is usually sharply demarcated hrom the rest of the 
lung but may show local invasion as in our first case. 

A characteristic feature which these tumours share with the 
ordinary adenoma is the fact that the bronchial epithelium is usually 
intact over the surface of the growth. Not uncommonly, however, 
there is squamous metaplasia and the mucosa may become greatly 
thinned, as in our first case, where it was reduced to a single layer of 
greatly flattened cells. 

Most authors stress the absence of mitoses and yet in all our cases 
they were numerous in places. Clerf and Bucher (1942) also mention 
abundant mitoses but do not make it clear whether there was any 
difference in this respect between their solid and their cylindromatous 
types. 

It has been stated that the presence of mucus in these tumours is a 
characteristic feature differentiating them from the solid type of 
bronchial adenoma, but this is not so, since there are a number of 
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instances in. the literature of solid adenomas with mucus production 
(Gowar, 1936-37 ; Foster-Carter, 1941; Engelbreth-Hohn, 1944 - 45 ). 
The variation in the staining reactions of the mucoid material which 
we have noted has also been recorded by others (McDonald ef al, 
1945) and Lemaitre (1938) has pointed out that mucicarmine staining 
is not always typical, even in normal mucous glands. 


Histogenesis 

Since both solid and cylindromatous types are commonly covered 
by intact bronchial epithelium it is unlikely that they arise from it. 
The only other epithelial structures in the bronchus and trachea are 
the mucous glands and their ducts, and most authorities are agreed 
that these are the probable source of these tumours. Fried (1934) 
and Laff (1940) state that they arise only in bronchi whose diameter is 
greater than 10 mm. and suggest that the explanation for this is that 
mucous glands are not found in the smaller bronchi. This is incorrect; 
Maximow and Bloom (1942) state that glands can be found as far out 
in the bronchial tree as the cartilage extends, that is, to bronchi of 
about 1 mm. diameter. That adenomas can arise peripherally has 
been shown by Mayo (1942) and by Maier and Fischer (1947), but they 
are extremely rare and it is difficult to explain why this should be so. 
It is conceivable that they do not give rise to symptoms in the smaller 
bronchi and so do not come under observation at an early stage. 
This suggestion receives some support from Maier and Fisher, who 
foxmd that in five patients with adenomas arising in branch bronchi 
two were apparently well when the tumour was detected by mass 
radiography. On the other hand, one would expect to see occasional 
cases at autopsy and so far as w'e are aware none has been reported. 

Since these tumours are almost certainly derived from the mucous 
glands of the bronchus and trachea one would expect them to he 
similar in histological appearance to tumours of the salivary glands, 
and this is indeed the case. Harvey et al. (1938) in their discussion 
of salivary-gland ttimours state that similar tumours can occur in 
the bronchi, and their photomicrographs of salivary-gland tumours 
are in a number of instances identical with those of our cylindromatous 
tumours of the trachea and bronchus. A similar resemblance is found 
in the illustrations of Patey (1930-31). Engelbreth-Holm, while 
admitting the striking resemblance between these two groups of 
tumours, points out that there are several features characteristic 
of the mixed salivary-gland tumour which are not found in the 
bronchial adenomas of either solid or cylindromatous type. One does 
not, for instance, see the chondroid material w^hich is such a feature 
of the salivary gland tumour. It is true that the classical chonclroi 
material is not seen but myxomatous changes can be found in 
first case (fig. 4) and are also illustrated by Kramer and Som. J 
no means all salivary-gland tumours contain chondroid material an 
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in a series of 81 such tumours examined by Dockerty and Mayo (1942) 
15 presented a purely cylindromatous appearance. Lemaitre also has 
reported purely cylindromatous tumours of the salivary glands. 

Bone and cartilage are not infrequently found in bronchial adenomas 
of the solid variety and most authors attach little importance to this 
finding, regarding them as either inclusions of normal bronchial 
cartilage or as evidence of metaplasia on the part of the stroma (Stout, 
1943; Holley, 194G), We agree with this view. Cartilage when present 
is usually normal bronchial cartilage involved in the tumour. Bone 
formation too is readily explained, since it is not uncommonly found 
in the lung in healed tuberculosis and may sometimes be found in 
mitral stenosis (Lawson, 1949). The contention of Womack and 
Graham (1938) that these tumours are true mixed tumours in the sense 
that they are derived from more than one germinal layer is, we feel, 
unjustified, and the fact that they resemble mixed salivary-gland 
tumours in no way strengthens the argument, since most authorities 
are agreed that they also are entirely epithelial in origin (Harvey 
et ah, 1938 ; WilHs, 1948, p. 322). 

One is struck by the histological resemblance of parts of these 
tumours to some types of rodent ulcer, and it was this among other 
things which led Cann to classify his two tracheal tumours as basal¬ 
cell carcinomas, a view that is supported by Beck and Guttman 
(1936), Kramer and Som (1939) and Engelbreth-Holm (1944). Harvey 
ei al. draw attention to Krompecher’s observation that many of the 
tumours of salivary and lachrymal glands resemble rodent ulcers and 
Dockerty and Mayo found evidence that salivary-gland tumours are 
derived from basal cells. Harvey et al, themselves suggest that 
salivary-gland tumours are derived from a primitive replacement 
epithelium which may form gland acini or ducts or may become 
neoplastic. The tumours so formed vary in appearance within the 
limits set by the potentialities of the primitive cell. This being so, 
the argument in the literature as to whether these tumours are derived 
from the ducts or the gland itself becomes pointless. Origin from 
primitive replacement epithelium would also explain the presence of 
ciliated epithelium in our first case. 

Opinions vary as to whether these tumours are to be regarded as 
separate from the ordinary adenomas. McDonald et al. separate them 
sharply on both clinical and histological grounds but Anderson 
(1942-43) and Willis (1948, p. 382) regard them as fundamentally the 
same. Engelbreth-Holm found two tumours in which areas character¬ 
istic of both types could be found. In our three cases the histological 
appearances are quite distinct from those seen in the ordinary adenoma 
but we feel that this argument too is resolved by the suggestion that 
these tumours are derived from primitive replacement epithelium, 
and that while in most instances the two tumours are histologically 
distinct they have a recent common ancestry and mixed types may 
occur. 
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Malignancy and prognosis 

Whatever the histogenesis of these tumours they must not be 
confused with the more common bronchogenic carcinoma, the prognosis 
of which is so much worse (Churchill, 1939). The majority are of 
low-grade malignancy and cany a more favourable prognosis than 
any of the usual bronchogenic carcinomata. This is well illustrated 
by Fried (1947), who reported only 3 of 28 patients alive and well 
6 years after surgical excision of carcinoma of the lung, while many 
of the reporfed cases of cyhndroma have a history of many years of 
bronchial obstruction prior to surgical treatment or biopsy. Never¬ 
theless, there is an increasing number of cases in the literature of 
bronchial adenoma and cylindroma in which there is undoubted 
evidence of malignancy (table), and it is now clear that these tumours 
are by no means as benign as was originally believed. 

TABIiE 


Cases collected from the literature in which metastases 
have been reported 


Author 

Site of secondaries 

Type of tumour 

Chamberlain and Gordon ] 

Same lung 

? Cylindroma 

(1945) 

Laff and Neubuerger 
(1944) j 

Womack and Graham i 

Other lung 

Cylindroma 

1, Liver and Ixing j 

Adenoma (no histology 

(1938) 

of metastases) 

2. Liver 

Adenoma 

Anderson (1942-43) 

Liver 

Cylindroma 

Holley (1946) 

1, Liver 

Adenoma 

2, Kidney 

Cylindroma | 

Willis (1948, p. 379) 

Lungs, pleura, mediastinum, 

Cylindroma 

Adams, Steiner and Bloch 

liver, vertebrre, subcutane¬ 
ous tissue 

1. Lumbar vertebrse 

Adenoma 

(1942) 

2. Liver, lymph-nodes 

Adenoma 


Lymph-node involvement has also been reported by a number 
of authors, including Adams ci aL (1942), Chamberlain and Gordon 
(1945) and Crafoord and Lindgren (1945). 

A further manifestation of malignancy, noted by Anderson and 
illustrated by Engelbreth-Holm, is the tendency to invade blood 
vessels and perineural lymphatics. It is of interest in this connection 
that Dockerty and Mayo found that the cylindromatous type of 
salivarj^’-gland tumour shows a greater tendency to invade the per^ 
neural lymphatics than other varieties. Apart from Ijnnphatic and 
blood-vessel permeation, local tissue invasion is regarded by McDona 
et ah as a distinguishing feature between cylindroma and adenoma, 
but other writers are less certain of this (Clerf and Bucher; Holley). 
We support the view of McDonald et al. and believe that the cylin o- 
matous tumour is distinctly the more invasive of the two. T is 
opinion is based upon the histories of 13 cases of ordinary adenoma 
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seen between 1943 and 1948. One of these died as a result of operation 
and one recurred after inadequate removal. All the remainder are well. 

Another feature of these tumours is their great tendency to local 
recurrence, well illustrated in our second case. In a personal com¬ 
munication Dr Edith Dawson mentions a tumour of this type which 
recurred 3 or 4 times after local removal. The resemblance to ** mixed ’’ 
salivary-gland tumours is again evident in this tendency to recur 
locally but to metastasise rarely. 

It is clear, therefore, that apart from their secondary effects on 
the Ivmg these tumours are by no means entirely benign and must be 
regarded as carcinomata of low-grade malignancy. Some discussion 
will be foimd in the literature as to whether they ever become converted 
into the more usual types of bronchogenic carcinoma. It seems 
extremely unlikely that this ever occurs, since one does not see inter¬ 
mediate types and the sex incidence is so very different. Bronchial 
adenomas are at least as common in women as in men. Of 120 cases 
reviewed by Eoster-Carter 62 per cent, occurred in women. This is 
in marked contrast to the figures given for bronchogenic carcinoma, 
of which 76-90 per cent, occur in men (Brunn and Goldman, 1941 ; 
Hadfield and Garrod, 1947). 


Glassification 

It has been sho\vn that, judged by their behaviour, these tumours 
must be regarded as carcinomata. In so doing, however, they must 
not be confused with the more usual types of bronchogenic carcinoma, 
nor must they be confused with the ordinary adenoma of the bronchus, 
for although they have a common origin they are histologically distinct 
and considerably more malignant. 

Some pathologists object to the term cylindroma as being ambiguous 
and uncertain in its meaning and Willis (1948, p. 336), in discussing 
salivary-gland tumours says of the term that “. . .it has no real 
meaning save as a nickname for a certain type of structure, and it 
is used in different senses by different writers If the word is to bo 
rejected what then is to take its place ? It seems scarcely justifiable 
to introduce yet another term and in recent years at least the histo¬ 
logical descriptions of cylindromas of the trachea and bronchus have 
been quite uniform. We therefore suggest that the word—whatever 
its shortcomings—be retained as a descriptive title, that these more 
lowly malignant tumours of the trachea and bronchi be classified as 
mucous-gland tumours and that they bo subdivided into (1) adenoma 
(2) cylindroma, and (3) a mixed type. 

Sttmiiary 

I . Three cases of a cylindromatous type of tumour of the trachea 
and bronchus are described, in one of which ciliated epithelium was 
present as part of the neoplastic process. 

J. PATH. B.tcr — TOL ixin 2 B 2 
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2. The literature is reviewed and a similarity traced between these 
tumours, salivary-gland tumours and basal-cell carcinomas of the 
skin. 

3. It is suggested that they he classified as a sub-group of the 
mucous-gland tumours of the trachea and bronchi, and that they he 
separated from the more usual type of adenoma of the bronchus, to 
which they are related by a common ancestry from primitive replace¬ 
ment epithelium. 

4. Cylindromas of the trachea and bronchi behave as carcinomata 
of low-grade mahgnancy, with a pronounced tendency to local 
recurrence. They rarely metastasise, but invade locally and are 
rather more malignant than the ordinary adenoma. 

We wish to thank Prof. T. F. Hewer for encouragement and criticism in the 
preparation of this paper and Dr O. C. Lloyd for helpful suggestions. The 
photomicrographs were taken by I\Ir G. H, Rogers. 
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(2) Decolorise with 70 per cent, ethyl alcohol until the blue colour remains 
in the chief cells only. 

(3) Wash with water. 

(4) Stain with phloxine 2 per cent, aqueous solution for 3 minutes. 

(5) Wash with water, 

(6) Stain with methyl green 1 per cent, aqueous solution for 30 seconds. 
Besult:—Pepsinogen granules purple ; parietal cell cytoplasm and Panoth 

granules bright red ; nuclei and goblet-ceU mucus green. 

Clinical material 

The biopsy procedme was carried out on 150 patients complaining of a 
variety of dyspeptic sjunptoms and in whom an opaque meal showed no gross 
abnormality. Forty-three cases of pernicious anaemia were also investigated. 


NOBMAIi HISTOLOGY OF THE BODY MTTCOSA 

The normal mucosa of the body of the stomach consists (fig, 1) 
of a mucus-secreting surface epithelium dipping down into foveolflDi 
Into each foveola several tubules open. The necks of these tubules 
are lined by mucus-secreting cells, then follow parietal and chief 
cells. The parietal cells are situated mainly in the upper one-third 
of the tubule, while a few are applied to the outside of the chief cells 
in the lower two-thirds. 

In the 14-weeks-old embryo gastric glands can be seen beginning 
' to differentiate from foveolse. In the adult the epithelial cells of the 
foveolse show frequent mitoses (Bensley, 1928). Thus it seems probable 
that replacement of the tubular epithelium, even in adult life, is by 
the same method as its original formation in the embryo. There is 
also an obvious gradation in differentiation from the cells in the depths 
of the foveolae to the fully differentiated mucus-secreting surface cells, 
indicating that replacement of these cells is also by foveolar cell 
multiplication. This becomes more obvious during the replacement 
of surface epithelium following its loss from injury (fig. 4). 

Histobathology of the body mucosa 

No significant change is seen in the gastric mucosa of fifty-five of 
the cases of dyspepsia. In the remainder, various degrees of atrophy 
of chief and parietal cells are present. In these patients the severity 
of the atrophy is in general proportional to the extent of the gastritis, 
so that two broad classes can be recognised, namely:— 

1. Superficial gastritis with minimal atrophy (figs. 2 and 3) 

45 cases. 

2. Gastritis extending into the depths of the mucosa with modera e 

to severe atrophy—50 cases. 

In the 43 cases of pernicious ansemia there is a range of 
complete to complete atrophy of chief and parietal cells but gas n 
is absent or minimal. 
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Fig 4—Gastric mucosa three dnjs after Iniraatemesis following a severe alcoholic 
bout The necrotic surface epithelium is being replaced by acti\ clj proliferating 
epithelial cells growing out from the pits The lamina propria shows many 
darkly stained e\.tra\ asated red cells Trichromo x 400 



Fig 3 —Superficial gastritis, sliowmg flattened surface epithelium Tilth many 
polj morphs in the superficial zone of the lamina propria Haematoxyhn and 
eosin x400 
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So far biopsies have been repeated in only a few cases, and so no 
attempt was made to assess the acuteness or chronicity of any gastritis 
observed. 

Superficial gastritis 

The morphological changes constantly noted in this group are as 
follows:—^The surface epithelium is flattened and often forms a 
syncytium more than one cell thick, with indistinct cell borders and 
hyperchromafcic nuclei. This appearance is one of recent epithelial 
regeneration, occasionally plainly beginning in the foveolse (fig. 4). 
The function of mucus secretion is poorly developed in these cells. 
That shedding of the surface layer had occurred is shown by patches 
which are completely denuded of the mucus-secreting cells, and in 
three cases investigated soon after excessive alcoholic intake, necrotic 
clumps of these cells are seen in the adherent mucus. Kegenerating 
epithelium of similar appearance is seen experimentally in the healing 
of the mucosal breach produced in the cat’s stomach by biopsy 
(Gunter, 1950). 

There may be rupture of the capillary plexus, which is immediately 
subjacent to the surface epithelium, with extravasation of blood into 
the stromal tissues. Occasionally, as in acute alcoholism, hsematemesis 
has resulted. The superficial portion of the lamina propria shows 
dense infiltration with wandering cells, predominantly neutrophil 
pofymorphs (fig. 5/, but Jympho cytes and plasma cells are also present 
in varying numbers. The plasma cells occupy a more superficial 
position than the lymphocytes. There is evidence of active multiplica¬ 
tion of the foveolar cells, causing a dilatation and lengthening of the 
pits (fig. 2). Mucus-secreting neck cells extend down the tubules. 
This may be due either to a failure in the normal differentiation into 
pepsin-secreting cells or to an actual change from pepsin secretion to 
mucus secretion in cells already differentiated (fig. 6). Change from 
one type of cell to another is a commonly observed phenomenon. 
Harvey (1906-07) noted that after gastroenterostomy in dogs the pepsin- 
secreting chief cells change to mucin-secreting cells for a distance of 
7 mm. firom the line of the anastomosis. This change was complete 
in three weeks. Florey et at. (1932) also observed that serous-secreting 
cells in the trachea of the cat change to the mucus-secreting type 
under the influence of various irritants. 

In superficial gastritis, the basal two-thirds of the tubules remain 
normal (figs. 2 and 3). Here the parietal cells stain well and the chief 
cells contain plentiful pepsinogen granules. Histamine test meals 
in these patients show low or absent acid and a reduction in pepsin 
values. If the damaging agent can be determined, as in the alcoholic, 
and removed, it is found that in approximately 2-3 weeks the mucosal 
appearance has returned to normal. Similarly, in dogs subjected to 
gastroenterostomy (Harvey), in six months the region of the 
anastomosis again shows normal gastric tubules. 
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Gastritis with moderate to severe atrophy 

Here the full length of the tubule may become lined by mucus- 
secreting cells, forming a pseudopyloric gland. More often the base 
stiU shows both chief and parietal cells. There is always a histamine- 
fast achlorhydria with low pepsin secretion in patients whose biopsy 
shows these changes. The active proliferation of the foveolar cells 
produces tortuosity in the pits, so that they are often seen in transverse 
section. The surface epithehum is flattened but occasionally shows 
small bud-like syncytial masses. Neutrophil polymorphs are numerous 
close to the surface and around the pits. They can he seen surrounded 
by a small clear space in various stages of migration through the 
limiting epithelium (flg. 7). Plasma cells are plentiful and in approxi¬ 
mately one-half of the specimens lymphocytes are aggregated into 
follicles near the base of the mucosa. In two specunens, adipose 
tissue is present, having probably developed by involution of these 
foUioles (figs. 8 and 9). The muscularis mucosse is thickened and its 
component muscle strands are separated and projected between the 
glandular elements to a varying extent. No specimen shows the gross 
hyperplasia of surface epithelium and pits described by Schindler 
(1947) and termed by him hypertrophic proliferative gastritis. The 
depth of mucosa was reduced to two-thirds to three-quarters of normal. 
Small patches of intestinal epithelium are present in about one-half 
of the cases showing severe mucosal atrophy. Intestinal epithelium 
is recognised by the presence of a striated border and of goblet and 
Paneth cells (fig. 12) at the base of the new tubules, while argentaffin 
cells are much more numerous than normal. Thus the altered 
conditions in the inflamed mucosa cause the foveolar cells to develop 
along lines which are abnormal for the stomach but normal for the 
small intestine. The end-result is the development of tubules indis¬ 
tinguishable from crypts of Lieberkuhn. This metaplasia is patchy, 
and abrupt changes from gastric to intestinal type can be seen in a 
single high-power field (fig. 10). 


The mucosa in pernicious anosmia 

In the specimens obtained from these cases, thinning of the mucosa 
is invariable and often of extreme degree. In 30 per cent, it was 
reduced to one-half its normal depth. Chief and parietal cells are 
absent in 90 per cent, of samples, the tubules being lined by mucus- 
secreting neck cells or intestinal-tjqie epithelium (fig. 11). Histamine- 
fast achlorhydria and insignificant peptic activity are obviously the 
results of these changes. 

In pernicious anaemia it is rare to find any evidence of gastntis 
(fig. 11). A few lymphocytes and plasma cells are present in 50 per 
cent, of specimens, but only one case shows poljmorphonuclear 
neutrophil leucocytes. The surface epithelium in permcious anosniia 



Plate LXI 


J PVTH B\CT—^OL LMir 

Gastritis A^D gastric atrophy 



Fig (i — Superficial gnstnti*? showing numerous wandering cells in the superficial 
7one of the lamina propria lengthening of the pits and a change of the two 
central tubules to mucm secretion ns the Iming chief cells nou stnm darkly with 
mucicarmme H'cmatojcvlin and mucicnrmme X 140 



Fxg 7 —Gastritis with moderate atrophy View of the surface epithelium to show 
polymorphs, each surrounded by a clear space, migrating through the surface 
epithelium There is cedemn of the \illus near its tip Hscmato's.j hn and eosm 
X400 















ICJ 10—GastntIS with severe tubular atropli j , Fio 12—Gastric atrophy m pernicious 

showing the normal columnar coll gastric aii'omia, showing Puiieth cells filled 

type surftue epithelium changing over to w itli darIJy staining granule's situated 

intestmd epithelium with goblet colls and it the bases of the intestinal typo 

a striated borcler Hematoxylin and cosin tubules Tnehrorao X420. 

X400. 



Fla 11 —Gastric atrophy m pernicious ancemia There is complete tubular atropliy 
and replacement by the intestinal type of glandular tubules The lamina propria 
IS almost free of w andermg cells Hfomatoxj Im and mucicarraine x 140 








GASTRITIS AND GASTRIC ATROPHY 


393 


never shows the denudation with actively regenerating flattened 
epithelium which is so commonly seen in gastritis. Where gastric- 
type epithelium does persist, it is always of high columnar type and 
stains intensely with mucin stains. 

Discussion 

The mucosal changes in gastritis and the mucosal atrophy of 
pernicious aneemia are probably diffuse over the whole extent of the 
body mucosa. In support of this assumption there was close correlation 
between the atrophy of chief and parietal cells observed in a given 
biopsy sample and the functional defect as observed in the histainine 
test meal (Wood oZ., 19496), In addition the histological appearances 
of specimens from different sites are very similar. Therefore the small 
biopsy piece can reasonably be regarded as representative of the 
general state of the body mucosa. 

Apart from alcohol, no known setiological factor in the production 
of the gastritis was observed. A history of an immediately preceding 
alcoholic bout was obtained in three cases whose mucosa showed a 
superficial gastritis. On withdrawal of the alcohol healing was rapid. 
Biopsy was also performed upon twenty cases of chronic alcoholism 
with associated malnutrition. These patients all had enlarged flitiy 
livers, which in some cases had progressed to portal cirrhosis. Several 
of them also showed peripheral neuritis. The biopsy specimens T^ere 
obtained after two to three weeks’ stay in hospital. In nineteen of 
these cases the gastric mucosa was normal or showed only minor 
deviations from normal. This finding is contrary to ITaber’s suggestion 
that minor grades of recurring damage to the gastric mucosa^ as 
observed in those chronically addicted to alcohol, result in chronic 
atrophic gastritis. Nor would malnutrition appear to be an aetiological 
factor. 

In two cases showing superficial gastritis, biopsy repeated a year 
later showed the same degree of change. There is thus no evidence 
of an inevitable progression of a superficial gastritis to a more atrophic 
gastritis. Rather the lesion is static, a particular degree of damage 
being produced by the unknown exciting agent. 

The atrophy and intestinal metaplasia observed in the more severe 
gastritis coifld possibly be induced by the altered local conditions 
associated therewith. In pernicious anaemia these metaplastic chaiiges 
are present to an advanced degree but there is no gastritis. Therefore 
one might postulate a general cause for the altered dififerentiatioii of 
the products of foveolar-cell multiplication in pernicious anseinia. 
The return to normal of the megaloblastic bone marrow with adeqiiate 
fiver therapy is not paralleled by a retmm of the gastric mucostt to 
normal. One-half of the cases investigated had received treatment 
for several years and yet showed no sign of a return of the mu(»osa 
to the gastric pattern. Some observers, on the basis of gastroscopic 
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observations nnsupported by histological examination, have claimed 
that true gastric regeneration occurs (Jones et ah, 1935). 


SURIMABY 

1. The morphology of the mucosa of the body of the stomach in 
160 patients suffering from a variety of dyspeptic symptoms and in 
whom an opaque meal showed no gross abnormality is described. 

2. Changes, when present, could be grouped into two broad 
categories:—(a) superficial gastritis without atrophy of tubular 
epithelium, and (6) more deeply extending gastritis with atrophy of 
tubular epithelium. 

3. Mucosa from patients with superficial gastritis due to excess of 
alcohol returned to normal after withdrawal of the alcohol. 

4. In 43 cases of pernicious ansenaia, complete or almost complete 
tubular atrophy combined with prominent intestinal metaplasia and 
absence of wandering-cell infiltration made up a pattern which is 
distinctive for this disease. 

6. Adequate liver-extract therapy failed to alter these mucosal 
appearances. 

I wish to express my gratitude to Dr Ian Wood, head of the Clinical Research 
Unit, and to Dr R. K. Doig, who secured the biopsy specimens. I also wish to 
thank Professor E. S. J. King for valued advice and criticism. The photo¬ 
micrographs were prepared by !Mr H. Mathhaei of the University of IMelboiime. 
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ERYTHR^MIC MYELOSIS IN A GIRL 
AGED 13 YEARS 

John L. Emery 

From (ho Department of Pathology, Shejfield 
Children's Hospital 

(Plates LXIV and LXV) 

Neoplastic change m the primitive red cells of the blood analogous 
to that of myeloid leuhsemia is one to be expected, but such cases are 
extremely rare and very few of those described mthstand critical 
examination* Quattrin (1940) accepted eight cases and Moeschlin 
(1947) considered that 12 cases, inclu^g one only in English literature 
(Israels, 1939), could be substantiated up to 1946. 

The patient described below had abnormal nucleated red cells 
in her peripheral blood, up to a maximum of 550,000 per c.mm., for 
approximately two years. The course of her fatal illness resembled 
very closely that of the more common leukjemias. 

Case seport 

Clinical history 

Sylvia was bom on 28 2 34, and apart from measles and pertussis had no 
illness m childhood. She was of purely English stock; her parents and two 
siblmgs are well and give normal blood counts. The only case of hiemic disease 
among her relations was that of her mother’s sister, who died at the age of 26 
with what was reported as pernicious anarma. 

Sylvia was first seen by us on 31.6 47, when she was 13 years old. She 
had been well imtil six weelcs before admission, when she had become easdy 
tired and her mother noticed that she was becommg progressively paler. 
gums later commenced bleeding when she cleaned her teeth. 

No remarkable symptoms occurred until she was aduutted to Worktop 
Hospital following a severe epistaxis, when an immediate blood transfusion 
was considered necessary. This transfusion did not completely stop the bleeding 
and she required a second transfusion five days later. Followmg the second 
transfusion she was transferred to the Children’s Hospital, Shefideld. 

On admission, 31.6.47, her general condition was good (weight 6 st, 
height 5 ft. 1 m.) and the only abnormal physical sign found was a palpable 
spleen. 

Blood count. Hb. 8 8 g./lOO c c. R B C. 3*2 m /c mm.; W.B.C. 2800 per 
c.mm—^neutrophils 1350, eosinophils 60, Iymphoojd;es 1170, monocytes ^0* 
Umdentified cells 180. Erythroblasts 1900 per c mm. 

Sternal marrow. This showed a depression of the myeloid series and a relative 
mcrease m erythroblasts (table). 
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General investigations. Icteric index 9. Senun bilirubin 1-5 mg./JOO cc 
Hijman’s van den Bergh reaction produced a faint pink colour in 30 rainntes* 
No occult blood detected in fmces. Urine normal. Coomb’s test-direct and 

Table 

Three sample blood and sternal marrow counts, one in the early stages of the disease, 
the others 11 and 14^ months later, illustrating that the ejffeU of a blood tram^ 
fusion in lowering the peripheral erythrohlasi count was not reflected in a change 
in the marrow cytology 



2.6.47 

2.5.48 

13.8.4S(Ancra 

(raruriufon) 

Peripheral Blood 




Hrcmoglobin (g. per 100 c.c.) 

8-8 

5-5 

5-G 

B.B.C. (m./c.mm.) . 

3-2 

1*9 

24 

Hucloated cell coimt (per c.mm.) 

4500 

550,000 

75,000 

Leucocytes (per c.mm.) 

1700 

3000 

6 

Marrow 




Neutrophil polymorphs 

8 

0-75 

0-8 

“ Stab ” cells .... 

. 0 

0-18 

0 

Eosinophil polymorphs 

0 

0-75 

0 

Metamyelocytes 

7 

0-94 

04 

Myelocytes .... 

7 

0*75 ! 

0*8 

Pre-myelocytes 

1 

1*5 

0 *G 

Myeloblasts .... 

> 0*2 

0*18 * 

> 0*2 

Lymphocytes .... 

4 

1-32 

2*6 

Plasmocytes .... 

1 

0*37 

> 0-01 

Monocytes .... 

> 0*2 

M3 

> 0*01 

Hcemocytoblasts 

1 

1*77 

1 04 

Pro-erythroblasts 

7 

1-88 

; 24 

Basophilic ‘^normoblasts ” 

22 

7-0 

' 5*0 

Polychromatic “ normoblasts ” . 

15 

28*1 

31*0 

Orthochromic “ normoblasts ’* . 

25 

38-1 

28-9 

Karyorrhectic normoblasts 

0 

14*7 

25-6 

Mitotic cells .... 

> 0*2 

M3 

0*2 

Megakaryocytes 

> 0*2 

0 

04 


indirect—negative. Donath-Laudsteiner and acid serum tests (Ham and Hojack) 
negative. Scliumm’s test negative. Bed cell fragility in saline normal. Beticul^ 
cyte count 2 per cent, (a very large number of nucleated red cells also contafnea 
reticulin). Bleeding and clotting times normal. , 

After transfusion of 14 pints of whole blood, her general condition 
excellent, her peripheral blood containing Hb. 9*5 g./lOO c.c. and R* * 
3*3 m./c.mm., and she was discharged on 8*7.47. . 

Readmitted 23.7.47. Hb. 6-8 g./lOO c.c. B.B.C. 2*4 m./c.mm., peripheral 
erythroblasts 2500 per c.mm. Two pints of whole blood were given. 

Effects of folic acid. As an outpatient she was given folic acid in large aosi^ 
and weekly marrow pimctures were performed. Ho alteration was ^ 

the marrow as a result of this medication, nor was there any apparent c 
on the development of the anaemia. 

Readmitted 1.9.47 to 3.9.47, when she received two pints of packed 
Readmitted 15.10.47, with severe bruising and epistaxis, 
condition, however, being fairly good. At this time she requi^ 
transfusions and her spleen was observed to be larger than ptevio^jj^* 

Blood count. Hb. 6-2 g./lOO c.c. B.B.C. 1*8 m./c.mm.W.B.C. 
c.mm.—neutrophils 1050, metamyelocytes 150, l 3 m 3 p}iocyte 3 2000 , ’ . 0 ^ 

less than 50; erythroblasts 6300 per c.mm., consisting of primiti^ c 
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Plate LXr\^ 


ERYTHnt:MIC MYEtOSIS IN A lOlTVO GIRL 



Fig 1 —Section of spleen sho^Mng well defined sinusoids with abnormal 
endothelium and erythroblasts in the lumen HEematoA-jIin and eosm x440 



Fig 2 —^Pilm of peripheral blood The transfused ery throe j tes are easily distmguished 
from the patient s cells and a largo number of erjthroblasts are present Giemsa 
X600 
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karyorrhectic cells 1000, early erythroblasts 360, polychromatic cells 2360, 
orthochromatic erythroblasts 2530. 

Other investigations. Total serum proteins 7*9 g./lOO c.c. (serum albumin 
6*0 g., serum globulin. 1*9 g.)» Schumm’s test negative. Faecal bilirubin 490 mg. 
in 24 hours. W.R, negative. The blood was retested for hsemolyains and 
agglutinins with negative results. Slight rouleau formation occurred at 4® C. 
Gastric test-meal normal. Saline red-coll fragility normal. An attempt was 
made to estimate the survival times of the transfused erythroc 3 rtes, but owing 
to excessive rouleau formation no reliable results could be obtained. 

The spleen had been enlarging during the course of the disease and was the 
only abnormal clinical physical finding. Since no other form of treatment had 
affected the course of her illness it was decided to remove her spleen. 

Splenectomy performed, 21.11.47. The spleen was grossly enlarged, weighing 
240 g, (normal weight for this age 90-110 g.), the surface being slightly granular. 



Fig. 3.—Chart showing the effect upon the erythrocyte and erythroblast 
count of transfusion with plasma and with red blood cells. 


with many small vascular adhesions. A small spleniculus was also removed 
(fig. 1), The liver appeared enlarged but otherwise normal. The gall bladder 
and pancreas appeared normal and no enlarged glands could be found in the 
mesentery. 

She made a good immediate recovery from the splenectomy, but a week 
later she showed signs of pleural effusion and developed an empyema which 
resolved without open drainage. She was discharged on 16.12.47. 

Readmitted 26.1.48. 

Biaod count (fig. 2). Hh. 7-5 Q.flOO c.c. Periphera? esrythrablasts 350^000 
per c.mm. ; leucocytes 6000—neutrophils 3300, lymphocytes 2640; platelets 
60,000 per c.mm. 

The effect of transfusing plasma and blood cells. Following blood transfusion, 
the number of erythroblasts in the peripheral blood diminished very swiftly, 
but no coincident change could be found in the bone marrow (table, p. 396). 
This fall in peripheral erythroblasts could have been due to the presence of 
some maturation factor in the transfused blood. In order to exclude to some 
extent this possibility, the patient was given fresh plasma before one transfusion, 
the volume of plasma being equivalent to that of the blood cells to be given later. 
Tlie plasma produced no change in the circulating cells in any way comparable 
to that of the packed cells given later (fig. 3). 
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I/ymph nodes. There is no disorganisation of architecture. Tlie 
nodes, and in particular the germinal centres, which at a casual glance 
appear to he absent, are almost acellular. This greatly reduced 
cellukrifcy affects all the lymphoid tissue of the body, including the 
Payer’s patches and the thymus. The sinusoids and pulp of the 
Ijonph nodes contain pale-staining cells and erythroblasts but not in 
greater numbers than are present in sections of blood clot. Unlike 
the other organs, none of the lymph glands shows erythroblastic 
infiltration. 

I/ung, Many alveoli are filled with erythroblasts, and there is 
erythroblastic infiltration aroimd some of the bronchioles. 

lAver contains much iron pigment and there is diffuse infiltration 
of the portal tracts with erythroblasts. 

PancreaSy kidney^ diaphragmy skiUy intestinal mucosa and adrenals 
all contain areas of erythroblastic infiltration (fig. 6), 

Left axillary region and related muscles. These show destruction of 
tissue and large masses of bacteria, but with no recognisable inflam¬ 
matory reaction. 

Brain, thyroid, pituitary show no significant abnormality. 

Discutssion 

The literature of erythraemic myelosis has been reviewed by 
Moeschlin (1940), di Guglielmo (1946), Mallarme and Moulonguct 
(1947) and Leitner (1949, pp. 166-173). The diagnostic criteria put 
forward by di Gughelmo and accepted by Britton and Neumark 
(Leitner, 1949) for the acute form of the disease are as follo^vs: 
(1) Severe anaemia from the start of the illness. (2) Irregular and 
usually remitting fever. (3) Splenomegaly. (4) Slight hepatomegaly 

(5) An acute course of one to two months and invariably fatal. 

(6) Hsemic erythroblasts, with many atypical and immature forms. 

(7) Hyperplasia of the eiythron with maturation arrest. (8) Pro¬ 
liferation of the reticulo-endotheUal system. 

Each of these points may be considered in turn in relation to the 
present case. 

1. Our patient was admitted to hospital requiring an immedia 
blood transfusion. There was a history of progressive pallor or 
six weeks. 

2. The temperature was very variable. For a few weeks follow ¬ 
ing a transfusion it would remain normal, but as her trans use 
cells disappeared and she became more anaemic, pyrexia ou s 
occurred especially in the later stages of her illness, when there was 
an increasing tendency to sepsis. While in hospital she had occasions 

rigors* Cref 

3. Splenomegaly was present from the time that she was 

examined. 

4. The liver became enlarged later* ^ , 

5. Without transfusions the patient would probably 
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within two months of the onset of symptoms. Life was maintained 
by means of blood transfusions for two years. Examination of blood 
films suggested that virtually all of the non-nucleated cells in the 
circulating blood were the transfused red ceUs. The few large non- 
nucleated cells seen in the films were numerically no greater than the 
free nuclei (fig. 2). 

6. Up to 650,000 erythroblasts per c.mm. were present on occasion 
in the peripheral blood. This is a greater number than any hitherto 
reported in cases of this kind, the highest being 258,000 per c.mm. 
(Lattes, 1932). The cells were larger than those of the megaloblastic 
anjemias, the average diameter being 11 fi (fig. 4). They were mono¬ 
nuclear and did not resemble the giant erythroblasts described in 
leukemia as cells measuring more than 18 These cells, described by 
Schwarz (1946), are taken to be ceUs in which the final stage of mitosis 
is defective. Most of the ceUs in the present case contained only one 
nucleus, although multi nucleated ceUs were seen by Dr Lajtha in the 
peripheral blood culture. Maturation arrest was seen in the cultures, 
and would appear to be an inherent property of the cells and not due 
to any extraceUular deficiency factor. 

As the autopsy followed a prolonged state of sepsis and inanition 
and was not done untU CO hours after death, the cytology exhibited 
in the spleen biopsy probably represents the reticulo-endothelial 
system most characteristicaUy (fig. 1). The ceUs lining the sinusoids 
of the spleen ate large but do not appear to be proliferating or to bo 
iugesting ceUs. These cells are abnormal, but it does not seem possible 
from their appearance to teU into which of the elements of the blood 
they were progressing. A simUar difficulty arises in relation to many 
of the primitive cells found in the marrow smears and iUustrated in 
fig. 6. Transitional forms from these cells to the hgemoglobinised cells 
were present. They do not appear to he either myeloblasts or normal 
reticuloendotheUal cells. They are probably abnormal retioulo- 
endotheUal cells corresponding to the ceUs in the sinuses of the spleen 
and an attempt to label them further would not seem to be helpful. 
Nowhere in the autopsy tissues did the lymph nodes show structural 
derangement. Infiltration by the abnormal blood-ceUs was present 
in the liver, pancreas and kidneys, and the bone marrow from the 
various sites examined showed uniform neoplastic changes. 

The leucocytes of the blood were reduced in number throughout 
the whole course of the disease, but primitive forms were in approxi¬ 
mately the normal ratio. The platelets were decreased in association 
with the hsemorrhagic crises. The predominant cells appeared to be 
more mature than those in the other two cases reported in this 
country, those of Israels (1939) and Neumark (Leitner, 1949, 
p, 167). The marrow count resembled that of the case described by 
Nabholz (1942). 

To wMch type of erythreemic myelosis is this case to be assigned ? 
If the child had died at the time of the first emergency transfusion, 
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a consistent leuco-erythroblastic picture. The polymorphonuclear 
count showed no shift to the right. There was marked thrombo¬ 
cytopenia throughout. Except on the last two occasions there was 
no macrocytosis, and the normal mean corpuscular haamoglobin 

Table I 


Hcematological findings 



19.1.50 

20.1.50 

23.1.50 

26.1.50 

30.1.50 

Haemoglobin (g./lOO ml.) . 

7*8 


7*5 

6*7 

6-0 

7-8 

Red cells (M/c.mm.) 

2*73 

2-56 

2*44 


1*92 


1*90 , 

Ha3matocrit (per cent.) 

24*1 

23*3 

20*8 

19-0 

23*6 

Mean corpuscular Hb. {yy) 


29 


29 


28 


31 


41 

Mean corpuscular volume (c,/x.) . 


88 


91 


85 


99 

124 

Mean corpuscular hiemoglobin 

32*4 

32-2 

32*2 

1 31-6 

33-0 

concentration 











Reticulocytes (per cent.) . 


3 

2*6 

1*9 


1*2 

3-0 

Leucocytes (per c.mm.) 

3600 

4100 

3600 

2700 

4700 


Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Neutrophils— 


■1 








90 

Juvenile .... 

3 


4-5 

180 

2-6 

90 

5 

140 

2 

Stab ..... 

31 


33 

1350 

33 

1190 

38 

1030 

45 

2110 

Segmented .... 

14 


8 

330 

10 

360 

19 

510 

13 

710 

Eosinophils .... 

1*5 

60 

0-5 

20 

0 

0 

0 

0 

0 

0 

Basophils .... 

0*5 

20 

1 

40 

0*5 

20 

0*5 

10 

0 

0 

Lymphocytes 

34 

1220 

32 

1310 

35 

1260 

18 

490 

24 

1130 

Monocytes .... 

1*5 

50 

0-6 

20 

2 

70 

0 

0 

1 

50 

Metamyelocytes 

2 

70 

5 

210 

3 

110 

4 

110 

6 

240 

Myelocytes .... 

6 

220 

6 

250 

5 

180 

6 

160 

4 

190 

Promyelocytes 

4 

140 

7 

290 

7 

250 

8 

220 

3-5 

160 

Myeloblasts .... 

2*5 

90 

2*5 

100 

2 

70 

1*5 

' 40 

2*5 

120 

Normoblasts— 











Late ..... 


500 


570 


540 


220 

1410 1 

Intermediate 


100 


60 


90 


10 


380 

Early ..... 


0 


0 


20 


0 


0 

Platelets .... 

30,000 

35,000 

2000 

2000 

4000 


concentration excluded iron deficiency. The diagnoses first considered 
were secondary carcinomatosis of the marrow with a hidden primary 
and aleuksemic myeloid leukaemia. Neither of these possibilities could 
be substantiated either during life or at autopsy. 

Table II displays the difierential count, made on 1000 cells, of a 
sternal-marrow specimen aspirated in the usual manner with a Salah 
needle from the manubrium stemi on 20th January 1950. The smears 
were made direct and without the use of any anticoagulant. The 
marrow was highly cellular and the erythropoietic series predominated. 
The most remarkable feature was the presence of some 25 per cent, 
of erytliroblasts with from 10 to 100 nuclear fragments, usually 
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Plate 1.XVI 


AdVORMAL erythroblastic KARYOKIVESIS 



Tio 1.—A. group of erythroblfists Pio. 2 —Numerous chromosome 

\iith scntterecl chromosomes or particles m nn erythroblftst 

chromosome fragments. 



Fia. 3 —Several mitotic abnormal! Fia 4 —A large primitu e “ blast 

ties m o group of erj throblasts cell w ith several nucleoli 



Fig 5 —One of the “ unidentified Fio, G —An early giant erythroblast 

cells” of this marro\i, shoismg the nith unequal nuclei 

largo azurophil cytoplasmic bodies 


Figs, 1.6.—From the unusual marrow reported m this paper. 
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Plate LXVII 


\BN0R5rAL erythroblastic KARAOKINESIS 



Fio "—Unequal daughter erythroblasts Fio 8—Four unequal nuclei m a gmnt cry 

resulting from an nsj mmetneal mitosis throblast resulting from asj mmetncnl 

multipolar mitosis without cytokinesis 



Fig 0—^Tuo unequal nuclei Fig 10—'Ery throblast m ana Fig 11—A similar crytlu*o 

m n late erj throblast phase with se\eral chromo blast with 2 reconstituted 

somal masses detached from nuclei and several acees 

the spindle sory nuclear masses 



Fig 12—Two erythroblasts the lower Fig 13—A late ery throblast with 

showing rosette formation the nucleus show mg rosette appearance 

upper accessory nuclear material 


Figs 7 13 —^From an activ o erythropoietic marrow in a case of 
nutritional macrocytic anemia of pregnancy 
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round or oval, but occasionally elongated and resembling chromosomes 
(figs, 2 and 3). The fragments vrero reulgen-positive. There were 
2*2 per cent, binucleated erythroblosts, and occasional giant normo¬ 
blasts with a diameter of 16-25 but no multipolar mitoses were 


Tabu: H 

Stemal-marrow county 20th January 1950 



Late 

Inter¬ 

mediate 

_ 

Early 

Normoblasts 

Bmucleatod 

normoblasts 

m 


13 1 

1 1 

Fro erythroblasts 
Normoblasts 
with nuclear 
fragmentation and 
scatter 

■ 

Normal mitotic figures, 4 2 
eloid orythroid ratio, 1:33 

Total cell count, 160,000/c mm. 
Slcgakaryocytes <1 per 10,000 nucleated 
cells 


Polymorphs 
Sletamyelocytes . 
Myelocytes 


Promyelocytes 
“ Blast ” cells 
Keticulvun cells . 
Umdentifiod cells 


Monocytes 
Lymphocytes 
Plasma cells 


Neutrophil 


EoslnopWl 


0*7 
2 7 
5 5 


0 1 
0 S 
0 4 


1-7 

1 9 

2 7 
0 8 


0 1 
6 0 
0 2 


All figures are percentages unless otherwise stated. 


observed. The primitive " blast cells included in the count were 
large—20-30 p in diameter—^with nucleus 15-25 p containing 3 or 4 
pale lilac nucleoli. The nuclear chromatin was very finely stippled 
or in the form of a fine network of interlacing strands. The cytoplasm 
was moderately basophilic and sometimes showed differentiation into 
spongioplasm and hyaloplasm, and occasionally pseudopodia were 
formed. The unidentified cells had a rather similar nuclear structure, 
but more cytoplasm, in which large azurophil rods or granules were 
present. 

All these unusual types of cell are illustrated in figs. 1-6. 


Post-mortem examination 

This revealed bilateral bronchopneumonia and numerous small 
subdural and subarachnoid hsemorrhages. The cardiovascular, uro¬ 
genital, alimentary and endocrine sj^tems showed no gross abnormality 
and no evidence of neoplasm was found at any site. The spleen was 
slightly enlarged (282 g.), with a soft purplish cut surface. It contained 
several firm, well-defined, dark red hjemorrhagic infarcts beneath the 
capsule, and areas of extramedullary haemopoiesis outside the capsule. 
The liver showed macroscopically a mottled cut surface, and microscopy 
revealed large-droplet fatty change in the centres of the lobules and 
excessive brown-atrophy pigmentation. 
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Deep red, iell 5 ’-Iike, soft marrow extended throughout the shaft 
of the femur, into the head and to witliin 4 cm. of tlie distal end. 
Similar red marrow was present in sternum and vertebra}. Micro¬ 
scopical examination of the marrow showed rich cellularitj% with 
increase especially of nucleated red cells. Many of these, particularly 
the late normoblasts, showed the same fragmentation of nuclei as 
had been observed in the marrow smears made during life. 


Discussion 

Disturbances of mitosis in human erythropoiesis, with cellular 
gigantism, multinucleated erj-throblasts and multipolar mitotic 
figures, have been described in both megaloblastic and normoblastic 
marrows. Limarzi and Levinson (1943) recorded a case of “giant 
er 3 d;hroblastosis ” in which a non-megaloblastic marrow showed 
primitive giant erythroblasts, multipolar mitoses and comphcated 
amitotic division of the nucleus. Schleicher (1944) described two 
cases with similar atj^pical erythroblasts, which he believed to be 
produced by defunct reticulum. 

Schwarz (1946) reviewed the subject of cellular gigantism and 
pluripolar mitosis, and described the disturbances that may occur in 
karyolcinesis of the crythroblast. Apart from gigantism and multipolar 
division, these may be grouped rmder tliree heads. 

(a) Asymmetrical mitosis, usually only marked in multipolar 
mitosis, producing unequal daughter cells or, if cj^olcinesis 
does not occur, unequal nuclei. A modification of this 
process is seen when a few aberrant chromosomes become 
transformed into one or more small accessory nuclear masses, 
present in one of the daughter cells. 

(6) Rosette formation, with bridges between cluromatin masses, 
produced by a halt in metaphase %vith groups of fused 
chromosomes linlvcd probably by interzonal spindle fibres. 

(c) Interruption of karyokinctic movement, with agglomeration, 
scatter, or disintegration of the separated chromosomes. 
Such an inteiruption may produce a coll filled with scattered 
chromosomes or chromosome jfragments. 

The first two of these three mechanisms can bo seen very commonly 
in pathological marrows, particularly where there is active normoblastic 
or megaloblastic hj'perplasia. They are illustrated bj' figs. 7-13, 
taken from smears of sternal marrow from a case of nutritional 
macrocj'tic ancemia of pregnancy. 

The type of interrupted mitosis resulting in brealdng and scattering 
of chromosomes is, however, much less common. Tlie involvement 
of over 30 per cent, of the nucleated red cells of the marrow in such a 
process of karyokinctic intemiption and chromosomal fragmentation 
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must, theroforo, be considered an extreme rarity. Wo have never 
before seen anytliing approaching this picture. 

Tlie exact mechanism of production of the scatter and fragmentation 
which presumably involves a breakdown in polar forces, is not known» 


Summary 

An old woman with a leuco-erythroblastio antomia of unlcnown 
ffitiology liad an extreme normoblastic liyperplasia of the marrow. 
Over 30 per cent, of the nucleated red cells of the marrow showed 
fragmentation and scattering of the chromosomes. 

* This very rare abnormality is compared ^vith other more common 
disturbances of erythroblastic karyokinesis. 

We gratefully aclaiowlcdge the advice and encouragement of Sir Lionel 
\Vliitby and the assistance of Mr B. W. Gumer in preparing the photomicro¬ 
graphs. One of the authors (F. G. J, Hayhoe) is the holder of an Elmore 
Research Studentship. 
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6 i 6 . 24—002 , 185 : 582.282 . 123 {Aspergillus fumigatus) 

A CASE OF PULMONARY ASPERGILLOSIS 


C. P. Ross 

Ashford Hospital, Ashford, Middlesex 
(Plates LXVIH aitd LXIX) 

Although there is an extensive literature on pulmonary aspergillosis 
in animals, mainly in birds, this disease remains an uncommon one 
in the human subject. It has not often been reported in this country, 
though two proved cases in coal-miners have recently been described 
by Heppleston and Gloyne (1949) and a probable case by Delikat 
(1945). The literature, however, does not give a true idea of the 
incidence of the disease, because many cases are never reported. 
Duncan (personal communication) states that he examined material 
from sixteen proved cases in the years 1946-1949 and only two of 
these were published. It would appear, therefore, that the disease 
is commoner and more important than has hccn supposed. 

John Hughes Bennett (1844) -was the first to recognise parasitic fungi growing 
in living animals when he described, in 1842, in addition to those occurring 
in lower animals, certain fungi growing in tuberculous cavities in man, Virchow 
(185G) coined the term “mycosis’* for fungous infection and described the 
first cases of human pulmonary aspergillosis, though he was of the opinion that 
a case reported some years earlier by Sluyter (1847) as being one of Mucor 
infection was really due to Aspergillus. The literature on the subject increased 
greatly during the latter half of the nineteenth century and culminated in the 
classical monograph of Il^non (1897), who studied aspergillosis in all Us aspects 
and gave a complete bibliography up to 1896. One of the early cases reported 
in this country was that of Boyce (1892*93). 

Mycology 

The cause of pulmonary aspergillosis is Aspergillus fumigaius 
(Fresenius), a fungus of the genus Aspergillus INIicheli, 1729. Although 
it is included in the class As corny cetes, perithecia and as cospores 
have never been found with certainty in this fungus, and for that 
reason some authors have classified it in the group of Fungi imperfecti. 
Interested readers are referred to Thom and Church (1926), Thom and 
Raper (1945, p. 148), Wolf and Wolf (1947) and Lutz (1948) for further 
details. 

Afipergilli are inhabitants of soil, especially when it contains an 
appreciable amount of organic material such as decaying vegetable 
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matter (Thom and Raper, 1945, p. 160). They play a big part in 
decomposition processes and grow successfully at temperatures up to 
49" C., when most other fungi are inactive, paving the way for bacterial 
action. The spores, which are very resistant, can be fo\md in dust, 
dry leaves, chaff (Chortis, 1949), tea-dust (Castellani, quoted by 
Gohar, 1948) and imperfectly dried grain, especially rye. The fungi 
are able to withstand a temperature of —12° C. and are notorious 
laboratory contaminants. 

Aspergillus fumigatus, which was first adequately described by 
Fresenius (1850), consists of a mycelium of hyphaj 2-3 p in diameter. 

Here and there the cells become somewhat 
enlarged (5 g, diameter) to form foot cells 
which have thicker walls and give rise to 
long smooth-walled conidiophores 200-300 g 
in length and 2-8 g in diameter. These end 
in club-shaped expansions called vesicles, 
20-30 g in diameter, which bear over the 
distal half a single series of many crowded 
bottle-shaped phialides (sterigmata) 5-10 g 
long and 2-4 g at their maximum diameter 
(%• !)• 

The fungus grows well on aU the 
ordinary media, but Raulin’s fluid (Raulin, 
1869) or one of its many modifications is 
advised by several authors (Sartory and 
BaiUy, 1923; Jacobson, 1932, p. 270). 
Renon (p. 235) suggested the use of sputum- 
culture in slide cells as follows : sputum is 
spread on a microscope slide and covered 
with Raulin’s fluid; another slide is placed 
Fia. 1.—Dingrammfttic skotcii on top, the edges are sealed with vaseline, 
o( A. fumigatus showing (1) and the wliole incubated at 37° C., the 
h^hal coll, (2) foot coll, opfjjjatim temperatiue for this fungus. The 

(6) phiaiide (storigma), (0) Synthetic medium mhibits the common 
conidia (sporoa). bactoria and after a few passages the fungiis 

can be obtained in pure culture. The 
appearances do not vary very much on different media, though the 
colour is said to be brownish on alkaline media (Sartory and BaiUy), 
while on acid media it is greenish. After 24 hours a tufted aerial 
mycelium is produced wliich may be velvety or floccose. Since the 
vegetative mycelium is wliito, the colour of the colony is also white 
until the conidia are developed, which may be for 24 hours, or, in 
some strains, 2-3 days. The subsequent colour changes depend on the 
composition and reaction of the medium. On media of relatively- 
low high carbon and low nitrogen content the myceUal bed js 
white, thin and papyraceous wliile the aerial growth is short, thin 
and of a bluish-green colour, changing ^vith age and the rising jpH 
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to grey or greyish-brown. On media rich in nitrogen, such as peptone- 
agar, and low in carbon, the colour of the colony is less bluish and 
more definitely green, often olive green, and in this case the colour 
change to brownish comes earlier and the ultimate colour may be 
deep brown or even blackish-brown (Duncan, personal communication). 
Densely crowded conidiophores are found with the characteristics 
previously described. 

A. fumigaiiis produces the powerful but highly toxic antibiotics 
fumigatin ” and “ fumigacin ”, which are active against Gram- 
positive bacteria. In this connection it is interesting to note that 
nearly forty years ago it was reported that filtrates of cultures of the 
fungus attenuated human tubercle bacilli (Vaudremer, 1913). This 
has been verified recently by Soltys (1944) and a partially purified 
substance active against tubercle bacilli in high dilution was recovered 
from filtrates by Asheshov and Strelitz (1945). They thought this was 
probably fumigacin. 

Pathology 

The following short account is based on the descriptions of Renon 
(1897, pp. 239-254 and 261-207), Macaigne and Kicaud (1926), Schneider 
(1930), Jacobson (1932, p. 274) and Chortis (1949). 

Pulmonary aspergillosis occurs either as a primary disease or, 
more commonly, in association with other lung lesions {i.e. secondary). 

Primary infection. Infection occurs via the bronchi and bronchioles, 
throughout which the fungus ramifies. Penetration of the tissues 
takes place and areas of necrosis result, with formation of abscesses 
and cavities, or consolidation of the lung. The process may spread 
slowly throughout the lung, but is more usually confined to one or 
other upper lobe, often towards the apex. Sometimes the condition 
is arrested, with fibrosis and calcification as the end result. When 
fibrosis is extensive, the patient may develop " cor pulmonale ” and 
die from heart failure. Invasion of blood-vessel walls is common 
and thrombi may be formed which contain mycelium, i.e. there is a 
thrombosing pulmonary arteritis and phlebitis. Atheroma of the 
pulmonary arterial tree is often found, even while the patient is stiU 
quite young (Cawley, 1947). 

Microscopically the appearances are those of a suppurative 
pneumonia with necrosis, and colonies of the fungus are seen in 
broken-down alveolar spaces and spreading through the walls of air- 
passages and blood-vessels. It is usual for mycelium alone to be 
present, but occasionally fruiting heads are found. This is possibly 
related to the fact that the mycelium can grow under relatively 
anaerobic conditions, but for the formation of sporing heads an 
adequate oxygen tension is required. Although from a study of the 
literature systemic aspergillosis appears to be rare, Duncan informs 
me that there was abimdant evidence of hjematogenous spread in 
the material studied by him. Cases have also been reported by 
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Cawley (1947), Gerstl, Weidman and Newmann (1948), and by Grekin, 
Cawley and Zheutlin (1950), 

Secondary infection. In cases of chronic bronchitis, bronchiectasis, 
the pneumoconioses, tuberculous cavitation, infarction, broncho¬ 
pneumonia and carcinoma, for example, the fungus may be encountered 
as a secondary invader. The first cases of this kind to be described 
were those of Virchow, and indeed most of the recorded cases of 
ptdmonary aspergillosis have been secondary to chronic pulmonary 
disease. 

Experimental pathology 

The most susceptible laboratory animal is the pigeon, but both 
the rabbit and guinea-pig may be used for experimental purposes. 
The dog and cat appear to be resistant. The intravenous route of 
inoculation is more certain than any other, but in pigeons intratracheal 
or intraperitoneal in]'ection causes death in 10-20 days. Ingestion or 
subcutaneous injection has no effect. 

When a suspension of the fungus is injected intravenously, the 
animal dies in from 2 to 7 days, depending on the number of spores 
in the inoculum. Tuberculoid lesions are found in many organs, 
including the lungs, liver, spleen, kidneys, muscles, intestine and 
bone-marrow. Tor some unlmown reason the liver is mainly affected 
in pigeons and the Iddneys in rabbits and guinea-pigs. Slicroscopically, 
the lesions are granulomata containing the mycelium. It may be 
mentioned here that when sections of these lesions are stained by 
Gram’s method, the mycelium is usually Gram-negative but may be 
Gram-positive in patches. 

CtrSlCAL MAOTFESTATIOKS AND DlFFERE^fTIAL DIAGNOSIS 

The onset may be acute, in the form of pneumonia, as in the 
cases of Delikat (1945), Gajardo and Honorato (1948), and Norden 
(1948). More often the illness is a clironic one, and some cases go on 
for a very long time, hlce that reported by Macaigne and Nicaud 
(1926), whose patient had had symptoms for over fifty years. In these 
cases the commonest symptom is haemoptysis, wliich may occur at 
intervals over long periods (Danielson, 1933), leading to a mistaken 
diagnosis of tuberculosis (Bergman and Henschen, 1930; Hobby, 
1949 ; Chortis, 1949). This is the more likely in that the radiological 
changes in the lungs may be indistinguishable from that disease. 
Hertzog ei al. (1949) reported a case which mimicked acute mihary 
tuberculosis and at autopsy showed lesions in the lungs resembling 
those seen in experimental aspergillosis. 

All authors are agreed that one of the differential points in the 
diagnosis is the relatively much better general health of the patient 
with chronic aspergillosis than of a patients with pulmonary tuber¬ 
culosis presenting similar X-ray appearances. The patient does not 
look so ill and there is less rapid loss of weight. Sputum may be 
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PiO 2 —Wet preparntion of 
material rcmo\od from one of 
tlio lung cn\itics at autopsj, 
slio'tting conidiophores and 
lieads Unstained y 90. 


Fio 3 —Same a*; fig 2 but 
at higher power. Mo'it of 
the conidia ha\o become 
detached and are visible m ' 
the background V 400. 




Fio, 4 —Section of lung 
taken from the edge 
of the lesion to show 
the advancing mycel 
lum H.andE. X90. 
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Fig o —Section of affected lung 
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\nding a blood vessel wnll H 
and E y400 


Fig G —Section tlirough n 
small caMtj in tlie lung 
to show Iming bj a dense 
felt of mjcelnun, •with a 
few conidiophores and 
fructifvmg heads in the 
right lower corner Hand 
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Fig 7 —Same as fig 6 but at 
higher power to show the 
fruiting heads x400 
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abundant, but is consistently devoid of tubercle bacilli unless there 
is, as occasionally, coincidental or supervening tuberculosis. When 
this occurs, the disease is likely to be rapidly fatal. From time to time 
the fungus has been found in the nose and throat of normal individuals 
and may sometimes give rise to asymptomatic infection (Donaldson 
etah, 1941-42). 

Pulmonary aspergillosis is said to be an occupational disease, 
and a careful enquiry into the patient’s occupational history and 
hobbies is worth while. In the State of Illinois it has been accepted 
as an industrial risk for workmen’s compensation (Coe, 1945). Agri¬ 
cultural workers, fur cleaners and hair combers—^who use rye floin* 
for degreasing—and bird breeders, especially pigeon breeders, who 
feed the young fledglings with contaminated grain fix?m their own 
mouths, as described by R6non, or who contract the disease from 
infected birds during this process, are the main classes of person 
liable to infection. It is probable, however, that the fungus takes 
hold only when the resistance of the person is already lowered. If 
the disease depended on mere exposure to inhalation of large numbers 
of spores it would be a common disease, but, to quote Duncan again, 
not a single case was found in the occupational group of mouldy-dust 
inhalers. Sometimes there is no occupational cause to be found, as 
in the case reported by Korden, where, after a thorough investigation, 
A. fumigatus was found in the air of the cellar of the patient’s house. 

Diagnosis 

This may be very difficult, because of the appearance of the fungus 
as a secondary invader in other lung diseases. However, the main 
disease from which primary pulmonary aspergillosis has to be dis¬ 
tinguished is tuberculosis. The diagnosis rests on the absence of 
tubercle .bacilli and the demonstration of A. fumigatus in the sputum. 
This may be determined by direct microscopy, especially if attention 
is directed to any minute greyish or yellowish flecks which may be 
present. Final proof requires, of course, culture of the fungus, when 
the characteristic appearances described above will be seen. An 
intradermal test, said to be specific, has been described by Macaigne 
and Nicaud (1927). As in aU diseases, the laboratory results must be 
interpreted in the fight of the clinical and other findings. 

It seems not unlikely that this disease, under the guise of chronic 
tuberculosis, is more frequent than is commonly supposed. Attention 
may be drawn to the warning given by Wahl et al. (1928) that small 
mycelial fragments may retain the stain in the Ziehl-Heelsen method 
and be mistaken by the inexperienced for tubercle bacilli. 

Treatment and prognosis 

The only treatment of any value is the exhibition of iodides to 
the limit of tolerance. Sulphonamides are, perhaps, useful in combating 
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bacterial infection of the diseased lung (Schneider). Sulphonamides 
and penicillin were used by Norden to treat a case, but the patient 
developed a lung abscess and recovered only after iodides were given, 
Sulphadiazine, penicUlin, streptomycin and auxeomycin were all 
without effect in the case reported by Greldn et al. 

The prognosis in chronic cases is fairly good, since the disease 
progresses slowly, giving time for fuU investigation and the discovery 
of the fungus, and the subsequent opportunity for treatment with 
iodides, to which the condition readily responds. In acute cases, if 
the disease is not recognised and treated early, the outcome is likely 
to be fatal. 

Case report 

Tlie patient was a man, 50 years of age, who died after total gastrectomy 
for generalised carcinoma of the stomach. Ho had had a partial gastrectomy 
three years previously for a gastric ulcer which was reported as showing no 
evidence of malignancy. Ho was a general labourer and there was no occupa¬ 
tional history as regards his limg condition. 

Post-mortem examination 

Thorax. There w'as no free fluid in the pleural cavities. The 
right lung was adherent at the apex. In the right upper lobe there 
was an area of consolidation occupying almost two-thirds of the lung 
substance and sharply demarcated from the rest of the comparatively 
normal lung. The overlying pleura was thickened and vascular. 
On cutting the mass, there was moderate resistance to the knife and 
the cut surface presented the following appearance. The lung substance 
was largely replaced by numerous areas of a rust-red colom in which 
were some patches of anthracosis. Many of these areas were surrounded 
by a narrow zone of firm white tissue 0*6-l mm. thick, outside which 
was a thin red line of hypersemia and some of them showed central 
cavitation. These cavities were from 0*5 to 1 cm. diameter and were 
filled with a fine grey dust which rose up like smoke when the affected 
portion of lung was cut through. Other cavities contained scattered 
greyish granules, 0-5 mm. in diameter, which could easily he removed 
on the point of a needle. Some cavities contained a number of these 
granules. The rest of the right lung showed only congestion and the 
left lung was normal apart from some congestion at the base. There 
was no evidence of similar lesions in any of the other viscera. 

Direct microscopical examination of the material from the affected 
lung showed masses of fungal mycelium and fruiting heads (figs. 2 
and 3) and a provisional diagnosis of Aspergillus fumigatus was made. 
Cultures on Sabouraud’s medium were sent to Dr J. T. Duncan who 
confirmed the diagnosis. 

Histology 

Sections of the lung showed a suppurative pneumonia, with ar^s 
of necrosis and cavitation, out off from surrounding lung by a zone oi 
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granulation tissue. Lining and projecting into the cavities and 
permeating the adjoining tissues were masses of fungal mycelium, 
which was also present in bronchioles and was penetrating the 
pulmonary vessels. Some arteries and veins were thrombosed, the 
fungal mycelium forming a continuous network through vessel walls 
into the clot. In some places fruiting heads were also present. Else¬ 
where masses of spores were seen, some of which appeared to be 
germinating (figs. 4-7). These findings are similar to those described 
in cases of primary pulmonary aspergillosis. 


Summary 

A short general accoimt, clinical and pathological, of pulmonary 
aspergillosis is given, together with a report of a case of the primary 
type discovered incidentally at autopsy in a man of 60. 

My thanks are due to Dr H. G. Broadbridge (H.M. Coroner for West 
Middlesex) for permission to report this case and to Mr E. A. Targett for help 
with the photography. I am deeply indebted to Dr J. T. Duncan for his report 
on the fungus and for helpful criticism and advice. 
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AN UNUSUAL RECURRING TUMOUR FORMED OF 
CONNECTIVE TISSUES OF EMBRYONIC TYPE 
(SO-CALLED MESENCHYIMOMA) 

W, St. C. Syivimers and E. J. Nakgle 

Department of Pathologyt Vniversily of Birminyhamt and the 
Wingfield-Morris Orthopccdic HospitaU Oxford 

(Pistes LXX-LXXIH) 

Gilmouh (1943) described a peculiar, histologically benign, recurring 
tumour consisting of connective tissues which he considered to be 
embryonic; ho suggested that it could be called a mesenchymoma. 
The patient died four years after Gilmour’s paper appeared, and her 
case is reviewed (case 3) in the present paper, in which three now 
cases of the same type of tumour are also recorded. 


Case reports 

A macroscopic description of the specimens is given, where available, 
after the case-history of each patient. Because of their similarity, 
the histological findings in the four cases are dealt with together 
subsequently. 

Case 1 
Clinical history 

H. B., male, bom in 1912, was admitted to the "Wingfield-Morris Orthopaedic 
Hospital in April 1948 with a smooth, tense, painless moss involving the lower 
half of the right thigh posteriorly. It had been present and enlarging for 
18 months. There was no other abnormality. The clinical diagnosis was large 
semimembranosus bursa or sciatic nemilemmoma. At the first operation 
(17th April 1948), a pinkish-yeUow, encapsulated tumour protruded from 
between the medial and lateral hamstring muscles when the deep fascia was 
incised; the sciatic nerve was tightly stretched over the tumour, but was 
easily dissected free. The tumour was removed intact after ligation of a few 
large vessels at its sides. By the 12th May 1949 a smooth, painless mass had 
formed at the site of the original tumour. In September 1949 the tumour was 
larger and amputation below the lesser trochanter was performed. In January 
1961 the patient was in excellent health. 

Morbid anatomy 

The original tumoiu: was solid and fairly soft. It weighed 802 g. 
and measured 19x11x9*5 cm., its surface was studded with low, 
rounded protuberances and there was a thin, intact, smooth capsule. 
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When bisected (%• 1), the tumour resembled a neurilemmoma. Broad 
septa divided it into lobules from the sunken cut surface of which 
mucoid fluid exuded. The larger lobules were partly opaque and 
white or yellow, partly translucent and grey; the smaller lobules 
were translucent and grey or yellowish. The amputation specimen 
showed a tumour, measuring 17x13x7 cm. and weighing 676 g., 
deep to the hamstring muscles ; its appearance was similar to that of 
the original specimen. The thin capsule was easily separable from 
the surrounding tissues except at the lower pole, where extensive 
scarring involved the bifurcation of the sciatic nerve, which ran deep 
to the tumour. Four rounded nodules, each 2 x 1-5x1 cm., were 
adherent to the capsule. Three rather smaller nodules were present 
beside the popliteal vessels at the lower pole of the tumour and a 
fourth was situated in the intermuscular fascia 3 cm. above the upper 
pole. 


Case 2 
Clinical history 

E. H., female, bom in 1906, was admitted to the Worcester Royal Infirniarj^ in 
August 1948 with throe years’ history of a slowly enlarging tumour in the medial 
part of the lower third of the right thigh. There was no other abnormality. 
Radiography showed a normal femur. At the first operation (11th August 1948), 
an encapsxilated, lobulated, gelatinous tumour, weighing 700 g. and meas\iring 
17x12x10 cm., was found deep to the vastus mcdialis and extended back 
round the femur. Removal of the tumour was difiieult owing to bleeding. By 
October 1949 the tumour had recurred and now extended well up the thigh. 
Radiography showed a periosteal reaction at the medial side of tho lower third 
of the femur. The radiograph of the chest was normal. On tho 3Isfe December 
1949 amputation through the upper third of tho foram was performed. In 
January 1951 there was no sign of recurrence or motastases. 

Morbid anatomy 

The amputation specimen showed an encapsulated tumour, 
28x 12x 8 cm., in the lower half of the antero-medial aspect of the 
thigh, displacing and compressing the muscles and extending far 
along the intermuscular fascije. The tumour, which was similar to 
that in case 1, was easily enucleated, except where its capsule was 
adherent to the scar of the previous operation and to the periosteum 
over a small area on the medial side of the lower third of the femoral 
shaft. Here there was periosteal thickening, with a little bony 
overgrowth. 


Case 3 
Clinical history 

M. C., female, bom in 1900, Gihnour records that this patient first noticed 
the tumour in 1923 as an egg-sized lump in the centre of the lower part of her 
back. As far as we can leam, the original tumour was excised within a year 
of its appearance and the first recurrence, noticed 4 or 6 years later, was treated 
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Fig 1 —Case 1 Cut surface of original tumour after bisection xc 0 8 
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by excision followed by a few doses of X*ray8. Further recurrent tumours 
were excised in 1933, 1936, 1938, 1939 (twice) and 1940 (twice). In January 
1943 she was admitted to the Essex Coimty Hospital, Colchester, with recurrence 
in the upper lumbar region. This tumour consisted of two lobes, each about 
12’6 cm. across and adherent to tho skin. The lower mass was excised on the 
16th January 1943, with difficulty owing to infiltration between the fasciculi 
of the left erector spinje. On the 20th February 1943 tho \ipper lobe was 
removed, with gelatinous extensions into tho right erector spin®. Gilmour’s 
description of the tumour corresponds with that in case 1. 

Progress. Tho patient was referred to St. Tliomas’s Hospital, London, for 
radiotherapy. In IMay 1943 a dosage of 1800 r. was given to the loins over 
12 days. In October 1943 the first recurrence since the operation in February 
1943 appeared in the lower part of the irradiated area. A dosage of 2400 r. 
was given over 20 days, and in January 1944 only a small plaque remamed 
palpable. Further recurrences at progressively shorter intervals necessitated 
14 courses of deep X-ray therapy between June 1944 and February 1947, the 
dosage ranging from 1000 to 2100 r. over periods of 12 to 25 days. After each 
course the tumours regressed temporarily, with early recurrence within or 
outside the irradiated areas, and eventual ulceration. No evidence of metastasis 
was found on repeated clinical and radiographic oxainination between January 
1943 and July 1947. By July 1947 fiu*ther radiotherapy was out of the question 
because of damage to the skin. In August 1947 a course of three injections of 
lead phosphate was started. Five weeks later the tumours of the back were 
somewhat smaller, but the patient’s general condition was worse and a mass 
“ as large as her head ” was found in the left iliac fossa and loin. A second 
course of lead-phosphate injections was given. Tlie patient died of exhaustion 
on the 3rd October 1947. There was no necropsy. 


Case 4 
Clinical history 

T. W., male, bom in 1899, was admitted-to the Queen Elizabeth Hospital, 
Birmingham, in September 1946 with a firm, slightly painful swelling in the 
left buttock of 8 weeks’ duration. Wlien lying on the affected side pain radiated 
down the back of the leg. At the first operation (19th September 1946) a large, 
encapsulated, lobulated tumour was removed by diathermy from deep to the 
gluteus maximus. Deep X-ray therapy, 3000 r. over 28 days, was given in 
November 1946. Recurrence was found in March 1948. At the second operation 
(12th March 1948) an encapsulated tumour, 8 cm. in diameter, was removed 
from deep to the gluteus maximus, where it was in contact below with the sciatic 
nerve, which was not involved. By July 1949, persistent aching in the buttock 
and occasional cramps m the left calf had been present for a year ; tliree firm, 
tender masses were present in the left buttock along the line of the sciatic nerve; 
there was partial anaesthesia of the back of the thigh. At the third operation 
(22nd July 1949) a soft tumour beneath the glutei, encapsulated externally but 
invading the muscles of the gluteal region and of the back of the thigh, was 
resected together with invaded muscle and a 6 cm. length of involved sciatic 
nerve; it was thought probable that small, inaccessible nodules escaped 
observation. On the 16th August 1949 a hind-quarter amputation was per¬ 
formed in view of the probability of further recurrence with the risk of inward 
extension through the sciatic foramina; no tumour was seen during the operation. 
In August 1960 there was a large mass in the left side of the abdomen, rising 
out of the pelvis and obstructing the left ureter ; chest radiographs were normal 
and the general condition was good. The tumour was inoperable and a biopsy 
was taken. The patient died at home a few weolcs later. There was no necropsy. 
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Morbid anatomy 

(a) The specimen from the third operation weighed 646 g. and 
comprised incompletely encapsulated, flattened, ovoid masses, 2 to 
6 cm. across, of gelatinous, greyish tumour with friable, opaque, 
yellow areas, (b) The amputated Ihnb contained a single gelatinous 
tumour-nodule, 1-8x1-Ox0-8 cm., deep to and invading the beUy 
of the superior gemellus. Surgical scarring, and degenerative changes 
due to the nerve resection were present; the bones and joints were 
normal. 

Histology of the TtrMotms 

The material available comprised:—Case 1: Both specimens. 
Case 2: Amputated leg, and stained paraflni sections (haematoxylin 
and eosin ; haematoxylin and van Gieson’s stain) of four portions of 
the original tumour. Case 3 : Gilmour’s original paraffin blocks of 
one portion of the tumour removed in January 1943 and three of that 
removed in February 1943. Case 4 : Three paraffin-imbedded portions 
of the 1946 specimen and two of the 1948 specimen; both 1949 
specimens ; 1950 specimen. The material was fixed in formol-saline 
(4 per cent, formaldehyde) in all cases. 

The following histological account of the tumours in case 1 is equally 
descriptive of the appearances in cases 2 and 3. The original tumotus 
in cases 1 and 2 were identical; the recurrence in case 2 and the two 
available tumours in case 3 were identical with the recurrence in case 1. 
The differences between the tumours in case 4 and those in case 1 
wUl be described subsequently. 

Histology of original tumour in case 1 

There is a thin, partly hyaline, collagenous capsule merging with 
underlying tumour tissue through a narrow, loose-textured zone 
containing groups of mature fat-cells. The tumour is composed of 
three varieties of tissue—^vascular, fibrous and adipose. The vascular 
and fibrous components are intimately blended, forming lobules 
ranging from a few mm. to several cm. across, the interlobular areas 
being occupied by the less abundant adipose component. The vasculo- 
fibrous and adipose areas (fig. 2) in general are not sharply delineated, 
although in places completely separated by thick collagenous trabeculse, 
sometimes with many elastic fibres. Occasionally there are large 
blood vessels in the trabeoulEe, with no muscle or elastic elements in 
their thin walls. Their capillary branches anastomose with the 
neoplastic capillaries. 

Vasculo-fibrous component of tumour. This resembles a fine sponge- 
work (fig. 3), the septa being formed by narrow, anastomosing 
capillaries. Most of the vessels are empty, their walls in contact and 
the lumen often incompletely formed ; others contain normal blood. 
The endothelial cells are more proirdnent than in normal vessels. 
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Fig 2 .— 011*^0 1 . Oiigmnl tumour. Adjacent 7ones of immnturo adipose tissue 
and cnpdlarv spongp-^\o^k fecjianited by a broad fibro-fntty septum containing 
many large mature fnt-rclU. IMiospliotungstic acid-ba'matoxylin. x 100. 



Pig* 3.—Case 1, Onginal tumnui. ivresli.work pattern of neoplastic 
capillaries Phosphotungstic acid-hajmatoxj hn. x 05. 
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left) and sasculor zone 
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with more cytoplasm and longer, plumper nuclei. New vessels bud 
from those already formed, especially near the periphery of the lobules. 
l?ine reticulin, coUagen and elastic fibres lie external to the endothelium 
and radiate across the interstices of the sponge-work. Scattered 
ovoid, spindle-shaped or stellate cells are found in intimate contact 
^rith the fibres ; their faintly striated, acidophil or basophil cytoplasm 
is often united with adjacent cells by fine cytoplasmic processes. A 
few cells resemble smooth-muscle cells, having cytoplasmic fibrils 
which are stained deep blue by phosphotungstio acid-hjematoxylin. 
Occasional fat-cells are present in the interstices, particularly towards 
the periphery of the vascular lobules ; the cells range from immature 
lipoblasts to fully adult cells (fig. 4). The capillary sponge-work is 
most cellular and of finest mesh in the outer parts of the nodules. 
Here, as well as fibroblasts and lipoblasts, there are some small, round 
or polyhedral, undifferentiated cells resembling the so-called undiffer¬ 
entiated mesenchymal cells of mature connective tissues. Occasional 
mast-cells are found, especially near the trabeculae. Eosinophil 
leucoc 3 rtes are scanty and there are no extravascular neutrophil 
polymorphonuclears. Scattered lymphocytes are present, and a few 
normal erythrocytes have escaped into the intorstitium. 

The interstices of the sponge-work are filled by a finely granular 
ground-substance which appears pale pink when stained with Mayer’s 
ha3malum and eosin, pale blue with l^rlich’s hasmatoxylin and eosin 
and intensely metachromatic with 1 per cent, toluidine blue, and 
which has no affim'ty for neutral red by Huffetf^s hsemafoxyiui- 

neutral-red technique, or for Southgate’s mucicarmine. There are 
cysts in the interstices of the sponge-work in some areas, mostly about 
200 ^ across, although some are as much as 3 mm. in diameter ; some 
are partly or completely lined by barely visible flat cells, or by bigger 
cells with large, pale nuclei and much hsematoxyphil cytoplasm 
which often contains acidophil, hyaline droplets ; some cells project 
on a narrow stalk into the cyst, or lie free within it. The contents of 
the cysts resemble the interstitial ground-substance ; in the smaller 
cysts the contents are only faintly metachromatic with toluidine blue, 
but have marked affinity for neutral red and for mucicarmine ; in the 
larger cysts the affinity for the latter stains is less or absent, and there 
is no metachromasia. Homogeneous, rounded masses are found in 
many of the larger cysts ; they are strongly eosinophil and are not 
metachromatic or stained by mucicarmine, although they have a 
marked affinity for neutral red ; they stain dark purple with phospho- 
tungstic acid-hsematoxylin, and with Heidenhain’s iron hsematoxyhn 
they are more resistant to differentiation than erythrocytes ; they 
contain no demonstrable lipid ; they do not give a reaction for hseiuo- 
globin by the Okajima-Dunn method (Lillie, 1948) or by the benzidiue- 
nitroprusside-oxidase method of Lepehne and Pickworth (LUlie). 
Occasionally this material surroimds erythrocytes, as is well seen in 
trichrome (hicmatoxylin, Ponceau-acid-fuchsin, fast green) prepara- 
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tions, in which the erythrocytes stand out sharply jfrom the surrounding 
deep green substance. One or more dense chromatin masses, 3 to 6 /x 
in diameter, apparently pyknotic nuclei, are present in some of the 
globular bodies in the cysts and in non-cystic areas (fig. 6); the smaller 
of these closely resemble pyknotic normoblasts, but most are of 
irregular shape, and their staining reactions do not confirm the 
morphological impression. Two other cell-types in the vasculo-fibrous 
areas morphologically resemble nucleated red blood cells. One occurs 
in cystic areas, the resemblance being close only at low magnification ; 
this type contains an ovoid, reticulated nucleus and single or multiple, 
closely packed, homogeneous bodies of the general size and shape of 
erythrocytes; some resemble Russell bodies, but differ from the 
latter in staining more brightly, in completely losing the neutral red 
when stained by Duffett’s method, in reacting positively to the 
Okajima-Dunn and Lepehne-Pickworth reagents, and in containing 
fine pigment giving a positive Peris’s reaction for iron. Cells of the 
third type somewhat resemble normoblasts or megaloblasts, but the 
cytoplasm gives neither the Okajima-Dunn nor the benzidine reaction, 
and the nuclear structure ranges from pyloiosis to that typical of 
histiocytes. 

Adipose, component of inmour. This is of simpler structme ; mostly 
it is almost fully differentiated, but in places there is a considerable 
proportion of less mature cells, and in other areas nearly aU cells are 
late lipoblasts. Most of the fat is sudanophil, with a small proportion 
of minute, needle-shaped, birefringent crystals, staining feebly, if at 
all, with Sudan dyes; the crystals are more abundant in areas of 
better differentiation. Blood vessels and connective-tissue fibres are 
scanty. 

In all parts of the tumour mitoses are very rare and there are no 
abnormal mitotic figures. Necrosis is absent. 


Histology of recurrent himour in case 1 

The recurrent tumour is characterised by a considerably smaller 
proportion of adipose tissue, and by greater ceUularity of all 
components, due partly to capillary proliferation as small, solid 
outgrowths from the vessel-walls, but mainly to the increased number 
of fibroblasts and small, round, undifferentiated cells. Mitoses are 
very rare. The main mass and the eight accessory nodules are of 
the same structure and each has a narrow, fibrotic capsule. The 
hyaline capsule of the main mass (case 1 only) contains a few small. 
Hi-defined areas of chondroid structure, with patchy calcification of 
the matrix. 

No tumour tissue was found in sections of any part of the amputated 
limb in cases 1 and 2, other than in areas macroscopically involved. 
In none of the first three cases of the series had the tumour brok^ 
through the capsule and there was no involvement of the thickened. 
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hyaline periosteum of the femur in case 2. In case 3 prolongations 
of the tumour into the muscles were completely separated from muscle 
tissue by intact capsule. 

Histology of tumours in case 4 

The original tumour in case 4 and the recurrences differ only in 
the greater cellularity of the latter, in which mitoses are relatively 
more numerous. The basic structure of the tumours is the same as 
in case 1. In case 4 there are fewer mature cells in the adipose com¬ 
ponent (figs, 6 and 7). The vasculo-fibrous areas are much more 
cellular than in case 1, the intercapillary spaces being loosely packed 
with spindle-shaped and stellate cells (fig. 8); there are fairly numerous 
large, bizarre cells which contain one or more atypical, h 3 rperchromatic 
nuclei; mitotic figures are fairly common and many are atypical. 
Unequivocally sarcomatous appearances are seen in both adipose and 
vasculo-fibrous areas and there are transitions between immature 
adipose tissue, liposarcoma and undifferentiated sarcoma, and between 
the tissues of the capillary sponge-work, fibrosarcoma and undiffer¬ 
entiated sarcoma. No vasoformative activity by sarcomatous elements 
is apparent. In places the structure is “ myxosarcomatous ” ; such 
areas are distinct from the mucinous cysts. Cysts are numerous, their 
lining being more prominent than in case 1 and at times resembling 
hyperplastic synovia. Considerable areas of necrosis are seen. 
Encapsulation is incomplete, with areas of invasioii of the surrounding 
tissues in all specimens. The nodule from the am^tated limb (fig. 9) 
and the biopsy of the abdominal mass are similar to the other tumours. 
No tumour tissue is present in an external iliac lymph node removed 
during amputation, or in any part of the limb not macroscopically 
involved. 


Discussion 
Nature of the tumours 

All the tumomrs had the same basic structure, being composed 
solely of vascular, fibrous and adipose tissues of embryonic type. 
Chondroid foci, which occurred only in the capsule of the recurrent 
tumour in case 1, were thought to represent a metaplasia of the 
capsule and not to be neoplastic. The vascular and fibrous components 
were intimately blended, forming lobules between which lay the 
adipose component. The capillaries forming the vascular component 
were undoubtedly neoplastic ; their number appeared greatly in 
excess of the nutritional needs of the tissues, and many were incom¬ 
pletely canalised ; further, the peculiar sponge-work structure of the 
vasculo-fibrous areas appeared to have been determined by the pattern 
of growth of the vessels. Collagen, reticulin and elastic fibres formed 
an integral part of the tumour, being the product of differentiating 
tumour-cells. Fibroblasts and lipoblasts at various stages of 
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differentiation and a few smooth-muscle cells occurred in or near 
the capillary walls. Stellate cells, as seen in myxomatoid tissues 
and cells resembling the so-called undifferentiated mesenchymal cells 
of mature tissues were also present. Mucinous ground-substance 
filled the interstices of the sponge-work. Minute cysts containing 
similar material were partially lined by cells resembling mesothehal 
or synovial cells. 

The tumours formed a graded series. The original tumours in 
cases 1 and 2 were well differentiated; the recurrences in these cases 
and the available tumours in case 3 were more cellular but still 
histologically benign; and in case 4, although all specimens contained 
areas identical in structure with those in the other cases, the original 
tumour was firankly sarcomatous and its recurrences were progressively 
more cellular and pleomorphic. The multiple recurrent growths in 
each case maj’^ indicate either multifocal neoplasia or the escape of 
viable tumour cells during operation ; there is no convincing evidence 
of local l 3 nnphatic or hsematqgenous spread. Although the tumour 
in two cases developed close to the sciatic nerve, it could easily be 
breed from the nerve at the earlier operations and its origin from the 
nerve can be excluded. 

It is suggested that these growths, three histologically benign 
and the fourth histologically mahgnant, are examples of a tumour 
that is pecuhar in being formed of varied tissues, the non-neoplastic 
analogues of which are aU embryonic derivatives of mesenchyme. 
Such a tumour could arise from differentiation, along more than one 
line, of imdifferentiated cells that retain some of the pluripotentiality 
of the embryonic mesenchyme. The behaviour of aU the tumours 
was that of a neoplasm of low-grade malignancy, displacing and 
compressing the surroxmding tissues but invading them only in the 
case of the histologically sarcomatous growth. The tendency to local 
and progressively more cellular recurrence is more important than 
the absence of histological criteria of malignancy in assessing the 
character of the process in the first three cases. 


Belaiion to liposarcoma 

Ewing (1935, 1940) distinguished two main types of liposarcoma. 
One consisted of fcetal fat-cells, myxomatous tissue and a “ peculiar 
proliferating capillary vascular system ” : this type he named foetal 
or embryonal myxoliposarcoma and his photomicrograph (Ewing, 
1940 ; fig. 51) shows a structure like that illustrated in fig. 2 of the 
present paper. Ewing described the second type as consisting of 
fat-ceUs like those seen in regenerating inflamed adult adipose tissue, 
with predominance of spindle-shaped and granular polyhedral cells, 
and more or less anaplasia; he called it adult liposarcoma. ^ WMe 
recognising the variation in structure which may be seen in lipo- 
sarcomata (Stout, 1944), we do not believe that the tumours in our 
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cases are tumours of adipose tissue. The tumours usuaUy designated 
liposarcomata (Ewing’s “adult liposarcoraata ”) do not show the 
peculiar organoid mixed structure which we have described; 
pleomorphism is characteristically diffuse and circumscribed foci of 
differentiated tissues are not formed, 

Hwmopoiesis in the tumours 

We found no evidence of hsemopoiesis in any of the tumours, 
have been unable to confirm Gilmour’s observation of immature 
blood cells in his case (oiu* case 3), but wo have seen only two of the 
five recurrent tumours available to liim. Cells resembling nucleated 
red blood cells were present in all four cases in our series, but we 
interpreted them as phagocytes. Similar cells are commonly present 
in small numbers in a variety of normal and pathological tissues, 
6 .( 7 ., in the stroma of young chorionic villi, in myxomatoid tissue 
(neoplastic or degenerative) and in the matrix of the common pleo¬ 
morphic salivary-gland neoplasms. The material in most of these 
cells was identical with that forming the hyaline masses in the cysts 
and present in some of the mesothelioid lining-cells. So-called 
“ specific staining reactions of hcemoglobin were given by other 
cells, but from their appearances and nuclear characteristics we 
believe that these were histiocytes which had engulfed free erythrocytes. 

Nomenclature 

By describing these tumours as liposarcomata, Ewing (1935, 1940) 
implied a histogenesis which we consider disputable. Gilraour (1943) 
described the tumour as a teratoblastoma arising in a cell which still 
contained determiners for the formation of several kinds of mesodermal 
tissue; he suggested that it could bo named mesenchjnuoma or 
connectivoma. Connectivoma, derived from the obsolete term 
conneelimim, has nothing to recommend it. Gilmour used the name 
mesenchymoma because he considered that the tumour was formed of 
embryonic connective tissue, and Willis (1948) accepted it as 
appropriate because Gilmour’s tumour “ consisted of mucinous tissue 
like embryonic mesenchyme with also lipoblasts and hsemopoietic 
cells”. 

The earliest uses of the word mesenohjTuoma which we have been able to 
trace are by ICIein (1932) and Cellma (1932). Klein defined mesenchymoma 
as a sarcoma of such primitive nature that only a more or less rmiform cell-type 
is present, resembling the cells of undifferentiated mesenchyme or at moat 
differentiated only to the point of blood-channel formation. He applied the 
terra to Ewing’s tumour of bone, angiosarcoma and some endothehomata, 
and said that where tumour cells resemble differentiated cells or produce, for 
example, fibrous tissue or bone, one is no longer dealing with mesenchymoma 
bub with entities such as fibrosarcoma or osteogenic sarcoma. Cellina used 
the name in a wider sense; he reviewed the non-epithelial hepatic tumours, 
grouping them all as mesenchymomata. 
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Marburg (1934-35) described as a meningeal mesenchymoma a tumour formed 
of undifferentiated and fibroblastic cells at the site of an iodoform-gauze swab 
left in situ during partial excision of an astroblastoma 5 years earlier* Tauber 
et al. (1938) described an invasive, metastasising “turban tumour “ composed 
of large cells with argyrophil cytoplasmic processes; they called it an “ un¬ 
differentiated malignant tumor of mesenchymal origin, a mesenchymoma”. 
They suggested that this name was valuable as designating a new class in which 
to place tumours of doubtful nature, thus avoiding their unjustified inclusion 
in the categories sarcoma and carcinoma and taking many tumours of tuicertain 
nature out of the category “ endothelioma,” 

Takdcs (1942) reported a metastasising uterine “ myxo-angio-endothelioma ” ; 
he suggested that it originated from mesenchymal parts of retained chorionic 
villi, and named it mesenchymoma embryonale angioplasticum. Stout (1948) 
{infra) accepted this case as a mesenchymoma, but erroneously referred to it 
as benign. Novak (1947) grouped granulosa-cell tumours, thecomata and 
“ luteomata ” together as ovarian mesenchymomata, on the grounds that 
granulosa and theca develop from ovarian mesenchyme; to distinguish them 
from dysgerminoma, which he said is derived from ovarian mesenchyme “ in 
its undifferentiated phase ”, that is, from cells not yet definitely stamped with 
feminine potentialities, he suggested the expression “ feminizing mesenchymoma 
of the ovary ” for the former group. The stOl uncertain genesis of normal 
and neoplastic ovarian elements makes Novak’s terminology inadmissible; 
moreover, if the ultimate mesenchymal origin of a cell were to entitle its 
neoplostip derivatives to the name mesenchymoma, this term could cover most 
non-epithelial neoplasms and some epithelial ones. 

Stout (1948) defined the mesenchymomata as a group of neoplasms in which 
two or more tissues of mesenchymal derivation participate and are amalgamated 
into a single mass. He recognised benign and malignant varieties, and said 
that they occur most often in certain regions where congenital malformations 
are common (urogenital organs, breast). Amongst the benign forms Stout 
included hamartoma of the lung, arbitrarily excluding those containing epithelial 
elements, and several other conditions which also appear to he hamartomatous 
although he did not so describe them. Stout classified as malignant mesen¬ 
chymomata a variety of tumours each containing connective tissues of more 
than one type, any one of which had the structure of a primary sarcoma. He 
deprecated the term mixed tumour for such growths because of its association 
with t\imours of salivary and similar glands and with urogenital and mammary 
tumoms containing epithelial and connective-tissue elements. Mesenchymoma 
appeared to him a safer and less clumsy term than mesodermal or mesenchymal 
mixed tumour. None of Stout’s (1947 ; 1948) malignant mesenchymomata 
was identical in composition with the tumours reported in the present paper, 
but there is no doubt that the tumours in each series are of the same nature 
and are the product of neoplastic growth of cells with a mesenchyme-like 
capacity to form a variety of tissues. Stout’s tumours were more complex 
due to differentiation along additional lines. The retroperitoneal “mixed 
tiimours ” reviewed by Lahteenmaki (1945) are similar. 

This review shows that there is confusion in the use of the 
name mesenchymoma. If the name is to be used, we believe that 
it should be given only to neoplasms composed of more than 
one type of connective tissue, the structure of which is that of 
differentiating embryonic tissues which develop from and replace 
the primitive mesenchyme. The tumours reported here could he 
so named. 
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Prognosis and treatment 

These locally malignant tumours are characterised by comparatively 
slow initial growth and local recurrences at progressively shorter 
intervals after simple excision of the apparently encapsulated masses. 
Successive recurrences tend to be more cellular and less well differ¬ 
entiated. Distant metastases did not develop, so far as is known, in 
the two surviving patients in our series, although their occurrence 
as a relatively late event in the history of tumours of this type would 
not be surprising. In the patients who died (cases 3 and 4) there was 
no clinical or radiological evidence of metastasis a few weeks before 
death, but in the absence of post-mortem examination metastasis 
cannot be excluded. Blood-borne metastases developed in a few 
of the more complex, frankly sarcomatous, tumours in Stout’s (1948) 
series. 

With regard to treatment we believe that there should be no 
avoidable delay in performing amputation if recurrence follows local 
excision. This should be done even when the tumours appear histo¬ 
logically benign, for subsequent recurrences are lilcely to show more 
active growth and the possibility of eventual metastasis cannot be 
excluded. The tendency to grow along fascial planes makes it necessary 
to choose the site of amputation so that an adequate margin is left 
well above the level of the clinically determinable limits of the growth. 
If amputation is impracticable a combination of excision and deep 
X-ray therapy offers the best chance of preventing recurrence and, in 
the event of recurrence, of postponing death. Excision should be 
undertaken with particular care to prevent rupture of the tumour 
and seeding of viable tissue in the wound ; if biopsy is performed the 
biopsy wound should be widely excised when the tumour itself is 
removed. 

SUMMABY 

Four cases of an unusual recurring connective-tissue neoplasm are 
described. The tumours consisted of immature vascular, fibrous and 
adipose tissues resembling the embryonic connective tissues which 
develop from the imdifferentiated mesenchyme. No evidence of 
haemopoiesis was found in any of the four cases although cells resembling 
nucleated precursors of erythrocytes were seen ; they were interpreted 
as phagocytes. 

In one case the tumours were frankly sarcomatous in structure; 
in the others they were histologically benign. This is considered to be 
of little importance in relation to prognosis, as local recurrence 
developed in all cases. Metastasis was not observed in any of the 
cases, although its development would not be surprising. 

Two of the patients were men and two were women. The ages 
at which the tumour was first noticed ranged from 23 to 47 years, 
and the durations before excision &om 8 weeks to 3 years. The 
intervals between the first excision and the first recurrence ranged 
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from 13 months to more than 4 years (18 months for the histologically 
sarcomatous growth). In three cases amputation was necessary 35, 
37 and 52 months respectively after the tumour was first noticed. 
In the third case the patient dded with intra-abdominal extension of 
the tumour little more than a year after hind-quarter amputation. 
In the fourth case the tumour recurred repeatedly over a period of 
24 years despite surgical and deep X-ray therapy; the recurrent 
tumours were moderately radiosensitive. 

Treatment by amputation is advised if recurrence follows local 
excision. If amputation is impracticable recurrence should be treated 
by a combination of excision and radiotherapy. 

We wish to thank Mr W. B. Foley (Oxford), Mr G. H. Marshall (Worcester), 
Mr B. W. Beid (Colchester) and Mr B. N. Brooke (Birminghain) for permission 
to record cases 1, 2, 3 and 4 respectively; Dr J. A. C. Fleming (St. Thomas’s 
Hospital, London) and Dr J, F, Bromley (Birmingham) for details of the 
radiotherapy in cases 3 and 4 respectively ; Dr B, H. Cowdell (Oxford) for the 
macroscopic description of the amputated limb in case 1, Dr P. Kidd (Worcester) 
for the amputation specimen and stained sections in case 2, and Dr J. B, Penfold 
(Colchester) for the paraffin bloclcs in case 3; Prof. J. W. Orr and Dr A. H, T, 
Bobb-Smith for their interest; and Dr G. A. C. Summers (Bristol) for the 
photograph of the specimen in case 1* 
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THE TAKING AND PROJECTION OF STEREOSCOPIC 
PHOTOGRAPHS IN COLOUR OF SMALL OBJECTS 

J. Edgar Moeisoit 

Institute of Pathology^ The Queeii^s University of Belfast 

(Plate LXXIV) 

The viewing of a stereoscopic picture is no longer restricted to one 
person at a time, and the description of a relatively cheap method of 
taking and projecting stereoscopic pictures in colour of small objects 
may now prove of interest to many workers in various branches of 
biology. 

During the course of research on lung structure and development, 
which is stiU in progress, the writer has developed a technique for the 
preparation of neoprene latex casts of the air spaces and for the study 
of the surrounding lung tissue (Morison, 1948). The structures to 
be studied are three dimensional and may be in various colours. They 
are dissected and studied under the binocular dissecting microscope 
and ordinary photography fails to provide a satisfactoiy record. 
The casts tend to become brittle on storage and it is also necessary 
to retain a record of casts at various stages of dissection. The material 
is usually dissected under water and no system of stereoscopic photo¬ 
graphy requiring movement of the object is possible, Eor this and 
other reasons methods usually available for the taking of stereoscopic 
photographs at various magnifications are not suitable. These methods, 
and methods of projecting stereoscopic transparencies so that they 
can be observed by a number of people at once, are reviewed by 
McKay (1948) and Judge (1950). The apparatus designed has proved 
convenient to the author both for its original purpose and in a study 
of placental structure and even for the photography of small specimens. 
However, it is not claimed that the principles involved are in any 
way novel. 

The steeeoscopio camera 

Object stands This must be the stage of the twin objective binocular 
microscope used for the dissection and study of the specimen (fig. 1). 
This stand is so fixed that an object seen in the centre of tlie field of 
the microscope is also centrally positioned for any lens advanced 
over it by the camera. The specimen is usually lit by incident light 
from an enclosed 6 volt 30 watt lamp fitted with focusing bull’s eye 
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from 13 months to more than 4 years (18 months for the histologically 
sarcomatous growth). In three cases amputation was necessary 35, 
37 and 52 months respectively after the tumour was first noticed. 
In the third case the patient died with intra-abdominal extension of 
the tumour little more than a year after hind-quarter amputation. 
In the fourth case the tumour recurred repeatedly over a period of 
24 years despite surgical and deep X-ray therapy; the recurrent 
tumours were moderately radiosensitive. 

Treatment by amputation is advised if recurrence follows local 
excision. If amputation is impracticable recurrence should be treated 
by a combination of excision and radiotherapy. 

We wish to thank Mr W. B. Foley (Oxford), Mr G. H. Marshall (Worcester), 
Mr R. W. Reid (Colchester) and iUr B. N. Brooke (Birmingham) for permission 
to record cases 1, 2, 3 and 4 respectively ; Dr J. A. C. Fleming (St. Thomas’s 
Hospital, London) and Dr J. F. Bromley (Birmingham) for details of the 
radiotherapy in cases 3 and 4 respectively; Dr R. H, Gowdell (Oxford) for the 
macroscopic description of the amputated limb in case 1, Dr P, Kidd (Worcester) 
for the amputation specimen and stained sections in case 2, and Dr J. B. Penfold 
(Colchester) for the paraffin bloclcs in case 3 ; Prof. J, W. Orr and Dr A. H. T. 
Robb-Smith for their interest; and Dr G. A. C. Summers (Bristol) for the 
photograph of the specimen in case 1. 
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Pirate LXXIV 


Fig. 1. —^Tbe object is dissected in winter on the stage of the twin objective binocular 
microscope. The stereoscopic camera is seen occupying more than the right 
half of the picture. It is not in use. Its lens system has been focused so that 
the point of the needle appears sharp on the clear glass screen of a Stewartry 
Leica copier. The needle is seen to pass through the spindle of the swivelling 
movement of the milling slide. The ball handle for locking the rotary movement 
of the swivelling milling slide is also seen. 

Fig. 2.—The body of the binocular dissecting microscope has been removed and the 
entire camera advanced over the object. The handle of the worm movement 
responsible for this horizontal advance is seen in the extreme right lower part 
of the picture. The slide for focusing by raising or lowering the whole camera 
is at right angles and the handle for its worm movement is seen just above the 
focusing needle, which is now almost completely withdrawn. 
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naovomcnt provided on tho swivelling milling slide (fig. 2). Because 
the position of tho binocular stand was previously fixed tliis horizontal 
movement advances the centre of the camera lens over the centre 
of the field studied by tho binocular dissecting microscope. Actually, 
even if tho stand of the binocular dissecting microscope did shift 
and the state of tho dissection did not permit its movement back into 
position, tho camera could bo moved to one or other side. A second 
rotary movement about a vortical spindle is provided on tho swivelling 
milling slide and this could be unlocked for tliis purpose. 

Focusing the com era on (he o6jcc^. Tho camera is focused on tho 
object by raising or lowering tlie whole camera and leaving tho lens 
system, which has been focused on tho centre of rotation of the camera, 
untouched. This is easily done since the entire camera, consisting 
of lens system, copier and camera body and swivelling milling slide, 
is carried on tho second, or plain vortical milling slide (fig. 2). The 
worm* movement this provides gives a vertical movement which is 
satisfactory for aU but magnifications of a hundred or over. Tho frosted 
glass of tho copier has been replaced by clear glass with a fine engraved 
scale on it and tho image is focused on this and viewed through a 
suitable focusing telescope. 

Taking the pair of stereoscopic pictures. One picture can be taken 
with tho camera directly over the object. Tho other must be taken 
after tho camera has been rotated to one or other side by an amount 
which will be discussed later. A simple pointer and a scale marked 
in angles are carried on tho moving and on tho fixed components of 
the smvelling milling slide and measuro tho rotation. After the 
first picture has been taken tho second is obtained by releasing the 
rotary movement of the swivelling milling slide, rotating it to right 
or left as desired and redoclung it. Be-focusing of the object should 
not bo necessary. 

Detersunatioit of exposure time 

Exposure is highly critical in colour photography and it is V3ry 
difficult to standardise incident lighting of the object. Instead the 
useful high and low light values from different parts of the image as 
it appears on the clear glass focusing screen are determined. This 
can be done with considerable accuracy with a SEI photometer 
(Messrs Ilford Ltd.). A simple pocket lens fitted over tho viewing 
lens of the photometer allows the imago on the clear glass focusing 
screen to be seen. The instrument superimposes a small and diffusely 
illuminated light spot on the image and this is matched against the 
brightness of tho imago. Tho brightness of the light spot can bo 
modified by photometric wedges and filters in the instrument and the 
intensity of the light source is accurately controlled. The brightness 
of any portion of the image can be expressed in foot-lamberts or in 
log foot-lamberts, but the former is sufficiently accurate. Using 
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Kodachrome Type A film the exposure time in seconds, when the 
useful low light is measured, will probably be 10 to 15 divided by the 
light value in foot-lamberts. If the high light is measured it may 
be 20 to 30 divided by the reading in foot-lamberts. 

Stebeoscopio pkojectiok 

Principle. The left-hand picture must be seen with the left eye 
and the right-hand picture with the right eye of the observer. Tliis 
can be done if the two pictures are each projected through separate 
projectors. The light of these two projectors is polarised and this 
polarisation is so arranged that the plane of polarisation of the light 
of one projector is at right angles to that of the other. The left-hand 
picture is projected by light which, because of its plane of polarisation, 
is entirely, or almost entirely, obliterated as it passes through a 
Polaroid film held in front of the observer’s right eye. This fight 
readily reaches the left eye because the polaroid film in front of that 
eye is polarised in the same plane as the polaroid screen polarising the 
light of the left-hand projector. Similarly fight from the right-hand 
projector reaches the right eye, but cannot pass the polaroid film in 
front of the left eye with its plane of polarisation at right angles to 
the polariser in the right-hand projector. The fight received by the 
observer is reflected from a screen and it is obvious that this screen 
must not depolarise the fight. A silver metalfic-painted screen is 
suitable, but a white screen cannot be used. 

Arrangement of projectors. Two Aldis 35 mm. projectors with 
100 mm. projector lens are used, but other projectors could be used. 
In these projectors it is easy to fit polariser screens on to the lens 
mount so that they lie between the slide carrier and the projector 
lens. A circular disc of polaroid is placed between two flat brass rings 
which are attached to one another by screws. One ring is sfightly 
larger than the other and is held against the flat surface of the lens 
mount by three screws at its edges. It is rotated until the light from 
this projector is obscured to the maximum degree as seen by the 
opposite eye through the polariser spectacles to be employed. The 
screws are then tightened and the screen securely locked in position. 

The projectors are placed close to each other. Each is focused 
separately on the screen. It has not been found useful to complicate 
the arrangement by fixing the projectors to a base. When the two 
pictures are projected simultaneously on the screen and viewed without 
suitable spectacles they appear as a confused jumble. The trans¬ 
parencies are rarely so accurately mounted that objects in both 
appear at the same height from the bottom. It would be very difficult 
to correct this by any positioning of the transparencies in their mounts, 
but it can be easily corrected by raising or lowering one of the projected 
images, usually the right, by adjusting the two positioning screws 
provided on the front of the projector. By a slight movement of 
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one projector or slide carrier to one or other side the two pictures 
can then be brought into coincidence at one point. It is usually 
convenient to bring the two images of some distinct object lying in 
the plane nearest to the observer into coincidence. If the picture is 
then viewed with the stereoscopic spectacles it should appear three- 
dimensional and lying beliind the screen. These adjustments can be 
made rapidly by glancing over the top of the spectacles. Both images 
are then seen and prominent objects can be selected and the pictures 
brought into coincidence. 

Position of screen and spectators. It will usually be most convenient 
to arrange when taking the photograph that the projector-tO'-screen 
distance will also be the optimum viewing distance. In theory only 
one viewing position is correct and tliis must be arranged at the time 
of taking the picture. Even in stereoscopic pictures of familiar objects 
considerable variation in the distance is permissible and no distortion 
will be appreciated. In the photography of microscopical objects, 
the relative size and position of objects are necessarily unfamiliar 
and unknown distortion may not be so readily appreciated. Viewing 
positions too far from the screen tend to increase the antero-posterior 
diameter of objects and observation too near the screen tends to 
make objects appear flattened out. 

Sepauatiok of taking lens 

In orthostereoscopy all objects appear to the observer to be the 
same size as they were at the time of photography, and all appear 
to be situated at the same distance from him and from each other 
as they did at that time. Here the stereoscopic pictures are taken 
with lenses separated to the same extent as the eyes of the observer 
and are viewed by lenses identical with those used when photographing 
them. When these conditions are departed from very difficult and 
controversial problems arise but these cannot be discussed hero. 
Wright (1938) has pointed out in a discussion of stereophotomicro- 
graphic methods that the visual angle subtended by the enlarged 
image is settled once for all by the magnification of the optical system. 
The effect of varying the separation of the lenses of the camera is 
to present the object as if it were seen from various distances. Thus 
it may appear the size of a match box a few inches from the observer, 
or with less lens separation as an object the size of a large book at 
ten feet away, or with very little separation as a suitcase at fifty feet. 
The assumption that a desirable viewing distance is 10 inches is entirely 
arbitrary. In microscopic objects of some depth this near viewing 
point, and the separation of lens necessary to attain it, may introduce 
considerable distortion, and, especially in projected transparencies, 
the objects often appear unreal. The image created may be compared 
to an enlarged model and it is often better to view this as if it were a 
large object at some distance rather than a smaller object closer at 
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hand. For almost all small objects suitable for stereoscopic pictures 
the separation obtained by rotating the lens system through three 
or five degrees is sufficient to give adequate stereoscopic relief. Often 
even less will be sufficient and more will only occasionally be useful 
and then only for flattened objects or thin sections. If objects are 
to be compared the separation must be the same and it is probably 
better to employ only a few variations in viewpoint. 

For objects about natural size on the film and for objects, such 
as pathological specimens, photographed at less than ten feet the 
separation should really depend on the depth of the field it is desired 
to render stereoscopically. Formulae, such as those given by Judge, 
can be used, and must often also be corrected for a dijEEerence in the 
focal lengths of projector and taking lenses. It is probably more 
convenient to employ only a few object-to-camera distances and to 
standardise the lens separation. At this distance distortion can 
easily be introduced and unfamiliar objects may be incorrectly inter- 
pretated in the absence of a far distance plane of reference such as is 
usually present in orthosteroscopic pictures. 

SinvrivrABY 

A method is described for taking stereoscopic pictures of small 
objects in colour and for projecting these so that they retain 
their three-dimensional appearance. Controlled camera movement is 
obtained by mounting the camera with its lens system on swivelling 
and plain vertical milling slides of a lathe and the object itself is not 
moved. Projection employs two projectors with polariser screens and 
polarised viewing spectacles. 

A grant from the Medical Research Coimcil has made this work possible. 
Assistance has also been obtained from a grant from the Northern Ireland 
Hospitals Authority for Foetal and Neonatal Research. jVIr D. McC. Mehaffey 
advised on the use of lathe parts and machined the other components. Assistance 
from ^Messrs Polarizers (XJ.K.) Ltd. and Myford Engineering Company is 
acknowledged. 
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OBSERVATIONS ON COLUMBIA SK VIRUS 

Gr. M. Findlay and E. M. Howabd 

Pharmacological Laboratory^ School of Pharmacy^ 

Bloomsbury Square, London 

(Pistes LXXV and LXXVI) 

Columbia SK virus was first isolated by Jungeblut, Feiner, and 
Sanders (1942a) during experiments in rodents with the SK polio¬ 
myelitis virus, a strain of poliomyelitis virus which appears to belong 
to the Lansing group since it has been adapted to cotton rats and mice. 
Columbia SK virus is pathogenic for cotton rats, mice, golden hamsters 
Mesocricetus aitraius, guinea-pigs (Jungeblut, Sanders and Feiner, 
19426) and for monlceys (Verlinde ct al., 1950). 

Tliere is now considerable evidence to show that Columbia SK is one of a 
number of viruses which together make up the encephalomyocarditis group. 
The other members of this group are the ]\DI virus, the IMengo encephalomyelitis 
virus, and the EMC virus. The MM virus was isolated by Jungeblut and Dalldorf 
(1943) from the brain of a golden hamster which died 19 days after inoculation 
with material from the medulla and cord of a patient with poliomyelitis. The 
original human material was not pathogenie for cotton rats, mice or guinea-pigs, 
but after passage through the hamster the virus recovered was pathogenic for 
rodents. Schatz and Plager (1948) foiuid that SK Columbia virus and !MM 
virus cross-immunised, a result confirmed by Powell and Jamieson (1948) who 
also showed that both viruses could bo propagated in the developing cliick 
embryo. 

The EMC virus, which produces myocarditis and encephalomyelitis in 
mice, was isolated by Helwig and Schmidt (1946) by the intracerebral inoculation 
of pleural fluid and spleen from a chimpanzee which had died with symptoms 
of bilateral hydro thorax, pulmonary oedema, pericardial effusion, and myo¬ 
carditis. Warren and Smodel (1946, 1948), and Smadel and Warren (1947), 
as a result of studies on the serological, pathological, and physical properties 
of EMC virus, believed that it was closely related immimologically to the MIVI 
and Columbia SK viruses. In the sera of American soldiem who, while stationed 
in the Philippine Islands, had suffered from a short febrile illness in 1945 
and 1946, Smadel and Warren demonstrated immime bodies against the 
EMC virus. Schmidt (1948) described myocardial changes in rodents inoculated 
with the EMC virus: interstitial infiltration of the interalveolar septa and, 
in a small proportion of animals, bronchopneumonia were also noted. 

In Uganda, Dick, Smithbum, and Haddow (1948) isolated from a paralysed 
monkey the Mengo encephalomyelitis virus which is pathogenic for man, rhesus 
and cynomolgus monlsej’s, mice, and guinea-pigs. The virus is transmissible 
by certain mosquitoes such as Tacniorhynclius sp. (Dick et ah, 1948 ; Dick, 1948). 
Observations by Dick (1949) and Warren, Smadel, and Buss (1949) show that 
Mengo encephalomyelitis, encephalomyocarditis (EMC), Columbia SK, and MM 
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viruses are very closely related serologically, in their pathogenicity and in 
their experimental host range. On the other hand, no immunological relationship 
was found between the encephalomyocarditis group of viruses and either 
poliomyelitis virus or spontaneous mouse encephalomyelitis viruses. 


The range of host susceptibility to Colutmbia SK virus 

The following observations were made during the course of experi¬ 
ments carried out to determine whether certain animals would be 
suitable for interference experiments between the Lansing strain of 
poliomyelitis virus and Columbia SK virus. 

TJie susceptibility of hedgehogs 

The European hedgehog Erinaceus europaeus L. is loiown to be 
readily susceptible to yellow fever and to foot-and-mouth disease. 
Its susceptibility to Columbia SK virus was tested by intramuscular, 
subcutaneous, and intracerebral inoculation, by intranasal instillation 
and hj rubbing the virus on to the intact sldn of the abdomen. The 
inoculum was either a 1 in 100 suspension of infected mouse brain 
or blood. From table I it will be seen that Columbia SK virus was 
pathogenic when inoculated by all these routes. 

Table I 


Infection of hedgehogs with Gohcmhia SK virus 


Animal no. 

Route of inoculation 

Inoculum 

yo. of days from 
inoculation till death 

1 

Intramuscular 

0*5 ml. (1 in 100) 

3 

2 


0’5 ,, ,, 

4 

3 

9J 

0*5 „ „ 

4 

4 

Subcutaneous 

1 0*5 „ ,, 

2 

5 


1 0*5 „ (1 in 100 brain) 

2 

6 

Intranasal 

0*5 ,, ,, 

3 

7 

Intracerebral 

9*1 ,, ,, 

i 3 

8 

»» 

1 0*1 „ 

4 

9 1 

Unbroken skin 

' 0*2 „ mouse blood 

7 

10 ’ 

1 

>> 

0-2 „ 

6 


All the hedgehogs developed tremor and weakness, especially in 
the hind legs, and failed to roll up when touched. Most of the animals 
were killed when moribund and blood and saline suspensions of brain, 
liver, and kidneys were inoculated intraperitoneally into mice. Virus 
was present in blood, brain and other organs of the hedgehogs as 
shown by the death of the inoculated mice in two to three days. In 
many hedgehogs when moribund the bladder was greatly distended, 
but virus was not found either in urine or in stools by the inoculation 
of mice. Virus from hedgehogs transmitted to mice was neutralised 
by an antiserum prepared in the rabbit against Columbia SK virus. 
In addition, the virus after transmission through hedgehogs was 
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Fio. 1.—Mid-brain of hedge¬ 
hog, infected witti Columbia 
SK vnus, with areas of 
diffuse infiltrationnndneuro- 
nophagin. Hjematoxylin 
and eosin. xloO. 


Fig. 2.—Slid-brain of hedge¬ 
hog, infected with Columbia 
SK virus, shoa'ing neuro- 
nophngia, degeneration of 
neurones and early peri¬ 
vascular changes. H. and E. 
X550. 
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Fig. 3.—^Medulla of mouse 
infected with Columbia SK 
virus showing similar changes 
to those in hedgehog brain. 
H. and E. X 400, 
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Fio. 4 —Heart mu'^clo of 
hedgehog infected with 
Columbm SK \ irus sliow mg 
acute m\ocar{litis H and 

E X250 


Fio 5 —Lung of hedgehog 
infected with CoUunbii 
SK \irus showing conges 
tion and infiltration of the 
nl\ eolar w alls H and E 
Xl50 




Fig G —Cervical cord of 
o da^ old chick infected 
^vith Columbia SK iirus 
showing diffuse and 
nodular mfiltration H. 
and E X 400 
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neutralised in intraporitoneal tests in mice by an antiserum prepared 
in monkeys against the Mengo encephalomyelitis virus : 10,000 MX.D. 
of virus were neutralised. On the other hand, tliis serum showed no 
neutralising action against Lansing poliomyelitis virus. The virus 
obtained from hedgehogs is thus presumably the Columbia SK virus 
and not an extraneous virus normally present in the European 
hedgehog. That the virus was not originally present in the hedgehogs 
employed is sho\vn also by the fact that after inoculation of Lansing 
poliomyelitis virus intracerebrally into hedgehogs it was not possible 
to demonstrate Lansing or any other virus in the cord when the 
animals were lolled from 3 to 15 days later and 0*03 ml. of a 1 in 10 
saline suspension of cord was inoculated intracerebrally into mice ; 
nor could liistological changes be found in the hedgehog cord. 

The pathological changes found in hedgehogs after inoculation 
Avith Columbia SK virus are very similar to those produced in other 
species b 3 " this ^^rus. At post-mortem examination the only macro¬ 
scopic change was areas of congestion in the lungs in some animals. 
Histologically the main lesions wore present in the central nervous 
system and in the heart. In the brain and cord there was infiltration 
of the meninges and a slight degree of perivascular cuffing with 
lymphocytes and mononuclear cells. The most marked changes 
were seen in the mid-brain, medulla, and cervical cord. Degenerative 
changes were present in neurones, accompanied by intense neurono- 
phagia and an increase in small round cells (figs. 1 and 2). These 
changes were irregularly distributed through the grey matter, giving 
rise to scattered foci of degeneration and infiltration, not unlike 
those found in the guinea-pig brain in louse-bome typhus. Very 
similar foci are found in the mid-brain and cord of mice infected 
with Columbia SK virus (fig. 3). No intranuclear inclusions were 
seen. 

hlyocardial changes were found in those hedgehogs which lived 
four days or longer. The changes were very similar to those described 
by Schmidt in guinea-pigs and by Verlinde et al. in the cyno- 
molgus monkey. In the heart muscle and epicardium there was 
considerable lymphocytic infiltration, more intense in some areas 
than in others. In the more marked areas of infiltration the muscle 
fibres stained more intensely with eosin and in places the fibres were 
brealdng up (fig. 4), 

In the lungs there was congestion of the blood vessels, the inter¬ 
alveolar septa showed considerable infiltration with round ceUs and 
in some areas the alveolar spaces were dilated. The bronchi were 
free from exudate (fig. 5). 

In those hedgehogs which lived four or more days, the liver showed 
scattered areas of round-cell infiltration with prominence of the 
Kupfier cells : early necrotic changes were present in some of the 
parenchymatous lesions. The other organs appeared normal. 
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Hedgehog fleas and Columbia SK virus 

As the hedgehogs were heavily infested with fleas an attempt was 
made to see whether these fleas could carry Columbia SK virus. 
The fleas, kindly identified for us by Dr Karl Jordan, D.K.S., as 
Archaeopsylla erinacei Bouche 1935, were collected from a hedgehog 
showing symptoms of illness 4 days after intramuscular infection of 
virus. The fleas were killed with ether, washed twice and ground up 
in sterile saline to form a 1 in 20 suspension. This suspension was 
inoculated intraperitoneally in 0-1 ml. doses into mice. The mice 
died in from 2 to 7 days with sjmaptoms and histological changes in 
the brain similar to those produced with Columbia SK virus. After 
further passages in mice the flea-transmitted virus was neutralised 
by a Columbia SK antiserum prepared in the rabbit. Although 
Columbia SK virus is capable of being taken up from the blood of 
hedgehogs by the flea A. erinacei, it is apparently not transmitted by 
the bite of these fleas. Infected fleas from a hedgehog dying from 
Columbia SK infection were placed on a normal hedgehog which 
lived without showing any signs of infection for 21 days : it was 
then inoculated subcutaneously with mouse-brain suspension infected 
with Columbia SK virus and died in 3 days. When infected hedgehog 
fleas were crushed and then rubbed on to the abdominal skin of a 
hedgehog, death occurred in 7 days, the virus being present in the 
blood and brain. 


The susceptibility of voles 

In addition to hamsters, cotton rats, guinea-pigs, and mice, the 
dormouse Myozus glis, when inoculated intracerebrally with Columbia 
SK virus, has been shown by Sanz Ibanez (1946) to die in from 3 to 
8 days vdth paralysis. Orkney voles, Ilicrotus orcadensis, were 

Tabue II 


The injectivity of Columbia SK virus for the Orkney vole, 
Microtus orcadensis 


Route of inoculation 

Inoculum 

Xo. of days from 
Inoculation to 
death 

Intracerebral 
Intramuscular 
Intraperitoneal . 
Intranasal . 

In food 

Placed on normal skin . 

0-03 ml. 1 in 100 mouse-brain suspension 

0*1 a tr If » 

0*1 „ ,, 9f »» 

0*02 y) yy ft ** 

0*1 yy yy ft »» 

(added to mashed carrots) 

0*1 ml. 1 in 100 mouse-brain suspension 

2, 2, 2, 3 

2,3 

2, 2, 2, 

3, 3, 4 

2, 2 

3, 4 


inoculated intracerebrally and intramuscularly with a suspension of 
mouse brain infected with Columbia SK virus. The virus was instilled 
intranasally, given in the food, and placed on the normal skin of the 
abdomen. The results are shown in table 11. 
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Blood and brain from voles were inoculated into mice intracerebrally, 
intraperitoneally, and intranasally, !Mice died after intracerebral 
inoculation of 0-03 ml. of a 1 in 100 vole-brain suspension in 2 days, 
after intraperitoneal inoculation of 0*1 ml. of the same suspension in 
2 to 4 daj's, and after intranasal instillation in from 5 to 10 days. 
The mice djdng in 8 and 10 days showed paralysis of the hind legs. 
The heart bloods of voles were bacteriologically sterile, as were the 
bloods of mice dying after inoculation with vole material. The virus, 
after transmission through voles, was neutralised by a Columbia SK 
rabbit antiserum. An attempt to transmit Lansing poliomyelitis 
virus to voles failed to produce any paralysis. The Lansing virus 
could not bo recovered from the brain or cord more than 90 hours 
after intracerebral injection. 

The susceptibility of albino rats 

In view of the possibility that the wild rat may form a reservoir 
for Columbia SK virus, an attempt was made to determine the length 
of survival of the virus in the rat. Jungoblut and Sanders (1940) 
had shovn that virus could be detected in the brain, cord and liver 
of a rat 90 hours after intracerebral inoculation. In the present series 
of experiments, young albino rats weighing about 80 g. were inoculated 
intracerebrally with 0*05 ml. of a 1 in 100 suspension in saline of 
mouse brain infected with Columbia SK virus. Rats were killed 
after intervals of 24 hours, 3, 5, 7, 9, 13, 20 and 27 days ; from the 
brains I in 100 suspensions in saline were prepared; 0-2 ml. was 
inoculated intraperitoneally into mice. The results are shown in the 
table. 

Table III 


Intraperitoneal inoculation of mice with rat^hram suspensiori to 
demonstrate survival of Columbia SK virus 


Interval from Inoculation of rata 
to death (days) 

Doatlia of mice Inoculated with rat- 
brain Buspcnslon (dajs) 

3 

4, 4, 0, 0 

6 

4, 6, 6, 0 

7 

C, 7, 8, 8 

0 

6, 8, 8, 12 

13 

15, 16, S. S 

20 

S, S, S. S 

27 

S, S, S, S 

i 


S = Survival 


The results show that Columbia SK virus can survive for 13 but 
not 20 days in the brains of rats following intracerebral inoculation. 

When rats were similarly inoculated intracerebrally with mouse 
cord infected with Lansing poliomyelitis virus, the virus could not 
be demonstrated for more than 48 hours. 
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Injectivity for chickens 

Columbia SK virus can be readily propagated in the developing 
hen’s egg (Enright and Schultz, 1948), when the embryos are from 
5 to 14 days old but not when they are more than 15 days old. 
Attempts have been made to adapt MM virus to chickens of various 
ages without success (Brutsaert et al, 1946; Schultz and White, 
1948). In the present experiments 2-day-old chicks were inoculated 
intracerebraUy with 0-03 ml. of a 1 in 100 suspension in saline of 
mouse brain infected with Columbia SK virus. The infected chicks 
appeared normal but virus was present in the brain and cord for 
72 hours after inoculation and, on histological examination of the 
cord, focal lesions, consisting of small nodules of infiltrating cells, 
were found in the grey matter. These nodules (fig. 6) were very similar 
to those seen in mice. When chickens were similarly inoculated 
with Lansing pohomyehtis virus no lesions could be seen as a result of 
the action of the virus. 

Pigeons also were inoculated intraperitoneally with OT ml. of a 
1 in 100 suspension of mouse brain infected with Columbia SK virus. 
Pigeons killed 72 and 120 hours later failed to show virus in the blood 
or brain when these tissues were inoculated intraperitoneally into 
mice. 


Experiments on survival in cockroaches 

The possibility that cockroaches may play some part in trans¬ 
mitting Columbia SK virus was studied. Htnlbut (1950) found that 
when Lansing virus was inoculated into the haematocele of the large- 
winged American cockroach Periplaneta americana and the whole 
cockroach was then triturated and injected into mice, the poliomyelitis 
virus survived for 15 days. Virus was not present in the faeces or in 
the eggs. Sywerton and Fischer (1950) showed that, when P. americana 
was fed with 0-2 ml. of 10 per cent, mouse-brain suspension infected 
with spontaneous mouse-encephalomyelitis virus (Theiler), the virus 
cotdd be recovered from the faeces from the first to the sixth day. 

Experiments were carried out with Columbia SK virus and 
Blattella germanica and P. americana. The former were obtained 
from the klidlands, the latter from the forest region of tropical Africa, 
through the kindness of Dr 0. Ampofo, Mampong Akwapim, Gold 
Coast. A 10 per cent, suspension of mouse brain infected with 
Columbia SK virus was injected into the hasmatocele sac of both 
species of cockroach, O-l ml. in the case of B. germanica and 0-2 ml. 
in the case of P. americana. Cockroaches were killed after 72 hours 
and 120 hours. The legs and wings having been removed the bodies 
were triturated in physiological saline containing 500 umts penicillin 
and 100 gg. streptomycin per ml., centrifuged at 700 r.p.m. for 
10 minutes and the supernatant inoculated in a dose of 0*1 ml. intra¬ 
peritoneally into mice. Virus was detectable 72 or 120 hours after 
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inoculation in tho bodies of P. americana but not in tlioso of 
germanica, 

Feeding experiments also were undertaken. A 10 per cent, saline 
suspension of mouse brain infected with Columbia SK virus was 
tliorouglily mixed with bran and put in a small glass feeding-dish 
into tho cage containing tho coclcroaches. Twenty-four hours later 
the coclcroaches were removed and put into a clean cage. Their 
feeces were ground up, suspended in broth, and a Seitz filtrate of the 
suspension injected intraperitoneally into mice. Virus was present 
in the ficces of P. americana but not of B. germanica up to 8 days 
after the original feed, the longest period tested. It seems prohahle, 
therefore, that it was being excreted in tho faeces. However, there 
exists another possibility; the bodies of tho cockroaches, during their 
original period of feeding, may have become contaminated with 
Columbia SK virus ; this virus may then have indirectly contaminated 
tho fECces. Further experiments are being undertaken to determine 
how far such contamination is possible. 

Discussion 

The observations here recorded show that Columbia SK virus has 
a wide range of infectivity; what, to adapt a term from antibiotic 
chemotherapy, may be referred to as its “ infectivity spectrum ” 
includes cjmomolgus monkeys, hedgehogs, cotton rats, mice, hamsters, 
guinea-pigs, the field vole, dormouse, and chickens. On the other 
hand, tho Lansing strain of poliomyelitis virus has a narrower infectivity 
spectrum, restricted to monlioys, cotton rats and mice. There are 
also certain differences in the pathological changes produced especially 
in the type of nerve lesion ; for the Columbia SK virus, although it 
attaclvS the anterior horn cells in tho cord, produces very diffuse 
lesions. Both Columbia SK and tho Lansing poliomyelitis virus can 
attack the heart muscle, though this tendency appears to be more 
pronounced with Columbia SK than with the Lansing virus. 

Additional evidence to show the inter-relationship of tho Columbia 
SK virus to IMengo encephalomyelitis virus is the fact that a Mengo 
encephalomyelitis antiserum neutralises Columbia SK virus after 
passage through hedgehogs whereas a Lansing antiserum has no 
suiAi action. 


SUMMABY 

1. Columbia SK virus produced a fatal infection of the hedgehog 
Erhiaceus enropacus when inoculated by a variety of routes. 

2. The virus was present in the blood and organs of hedgehogs 
but not in the urine or feces. 

3. The hedgehog flea Archaeopsylla erinacei took up Columbia 
SK virus from the blood of the hedgehog but did not transmit infection 
by its bite. "When the flea was crushed and rubbed on the intact skin. 
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infection resulted. The virus did not survive in the cockroach Blattella 
germanica but did survive in the bodies of Periplaneta americana 
for at least 120 hours after injection, and possibly in thefeecesfor as 
long as 8 days after feeding. 

4. Columbia SK virus was infective for the Orkney vole, llicrotics 
orcadensis, Lansing poliomyelitis virus was not infective for this 
species by intracerebral or by other routes of injection. 

5. Columbia SK virus after intracerebral injection produced an 
inapparent infection in the white rat. The virus was recovered from 
the brain after 13 but not after 20 days. No lesions were found in the 
central nervous system. 

6. Columbia SK virus produced lesions in the cord of the 5-day 
chick but not in the cord of the pigeon. 

7. Mengo encephalomyelitis immune serum neutralised Columbia 
SK virus after passage through the hedgehog. 


Our thanlvs are due to Dr C. H. Andrewes, F.R.S., for the strain of Columbia 
SK virus, to Dr G. W. A. Dick for the Mengo encephalomyelitis immune serum, 
and to Professor G. A, H. Buttle, in whose laboratory these investigations were 
carried out. We also owe a debt of gratitude to Dr L. P. Clarke and his 
technicians for preparing the sections and to Mr F, Grigg for taldng the 
photomicrographs. One of us (G. M. F.) is in receipt of a grant from the Medical 
Research Council. 
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OBSERVATIONS ON THE RELATIONSHIP OF 
SYMBIOTIC AND LYTIC BACTERIOPHAGE 

J S IC Boyd 

Vrom tUc Wellcome Laboratories of Tropical McdictnCy London 

' (Plate LXXVII) 

Symbiotic bacteriophage is present in every organism of an infected 
culture, and normally multiplies in unison with the host bacterium 
without causing apparent damage or bringing about lysis A hmited 
number of free particles of active I^^io phago are, however, to be 
found in association with such cultures and it is these which have 
given rise to the designation ** lysogenic Lwoff and Gutmann (1050) 
have showfi by an ingenious technique that these free particles take 
ongm from a few bacteria m the culture m wluch the balance between 
phago and bacteria is disturbed In these the normally inactive 
e^nnbiotic pliago assumes a lytic character and, having multiplied, 
brmgs about the disintegration of its bacterial host with an accom- 
panymg hboration of active particles mto the surrounding medium. 
These free particles can be detected by their action on a sensitive 
strain of the same species of organism which serves in this respect 
as an mdicator 

It has been found (Boyd, 1050) that in the case of certam symbiotic 
phages of Salmonella iyphi-munum^ the free particles of phage wluch 
are present in mfected bacterial cultures are capable of produemg m 
organisms of the mdicator straui either {a) a permanent symbiotic 
infection similar to that of the culture from which the particles wore 
denved, or (6) a lytic cycle of development with the production of 
large quantities of free particles Little is laiown of the conditions 
which determine whether infection shall bo symbiotic or lytic m 
nature, although it has been suggested that resistance of the bacterium 
plays a part by arrestmg the development of the phago (Lwo^f and 
Gutmann) Burmg an investigation of the growth curves of cultures 
mfected with a phage of this Ivuid a very curious phenomenon was 
observed which ultimately throw light on tius problem and at the 
same time gav e evidence of a typo of variation hitherto undesenbed 
in phage. 

This paper gives an account of tlie phenomenon and of the various 
experiments w hich led to its elucidation, and discusses the conclusions 
which can be drawn therefrom. 

2 p 
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Materials and methods 

Materials and methods are as detailed in a previous paper (Boyd). 
The indicator strains were S. typhi-murium 1404 and 1411; the 
phages were those of the A group, Al being used as a routine and the 
others for confirmation. 

The phage concentrates used in the experiments were made in 
one of two ways—^by inoculating a broth medium either with both 
the indicator strain and the phage-infected strain or, alternatively, 
with the indicator strain and a loopful of a previous batch of con¬ 
centrate. After overnight incubation the turbid cultmres were cleared 
and freed from living bacteria by filtration through a Chamberland 
L3 filter, or by heating to 60“ C. for 30 minutes and spinning. An 
accurate count of the number of phage particles was then made. 
By both methods a clear “ lysate ” containing approximately 10^® 
phage particles per c.c. was obtained. 


Experimental findings 

Growth curves of S. typhi-mimium when exposed to 
different concentrations of phage Al 

For purposes of comparison the “ normal ” growth curves of 
S. typhi-murium in the presence of different concentrations of a 
permanently Ijdic phage—one of the “ 0 ” phages—^must first be 
described. In the experiment selected, phage was added to a series 
of tubes of broth to give concentrations of particles per c.c. of 3 x 10®, 
3x10®, 3x10^ and 3x10® and to each tube was added sufficient 
of a thick suspension of 8. typhi-murium 1404 (the indicator strain) 
to give 1 X 10® bacteria per c.c. The ratio of phage to bacteria was, 
therefore, 30 to 1, 3 to 1, 3 to 10 and 3 to 1000. A control containing 
only bacteria was added to the series and the tubes were incubated 
in a water bath at 37° C. Absorptiometer readings were taken before 
incubation and at half-hourly intervals thereafter. The results were 
plotted and are shown in fig. 1. 

In cultures where there are more phage particles than bacteria, 
lysis occurs without further bacterial multiphcation. When the 
bacteria are more numerous than the phage particles, both multiply, 
the latter more rapidly than the former and lysis occurs when phage 
concentration overtakes bacterial concentration. In all cases a 
secondary growth of phage-resistant bacteria appears after about 
six hotus’ incubation. These results are in conformity with 
expectations. 

When this experiment is repeated with a concentrate of phage Al 
prepared as described and an indicator strain of 8. typhi-murium, 
the curves follow a very different course. 

No lysis is apparent when the quantities used are such that at the 
outset there are more phage particles than bacteria. The growth 
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Hours 

Fio 1 ■—Growth curves of Salmonella typht^munum m tho presence of o lytio 
" O ” bacteriophage ^ =3 phago particles B = bacteria. 



Fio. 2.—G^o^vth curves of Salmonella typhx-munum in the presence of 
symbiotic bacteriophage Al. 
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Figs. 3 to 6 show colonies of Salmonella typhi-murium which have, while growing, 
become contaminated with phage Al. All are x 4. 

Fig. 3.—Contaminated at an early stage in its growth. Shows characteristic radial 
markings. 

Fig. 4.—Colonies showing a small patch of central necrosis ** are contaminated at a 
slightly later stage than those showing only radial markings. 

Fig. 6.—Contaminated at a stiU later stage. Well-marked patch of central necrosis. 
Note that these colonies are smaller than the others—a constant feature when 
these changes are present. 

Fig. 6.—Contaminated at a late stage, A blemish appears on the margin of the 
colony and spreads round the circumference. Subsequently the centre of the 
colony becomes semi-translucent (presumably due to lysis) and the margin becomes 
overgrown with symbiotically infected organisms. 

Fig. 7. —^Plaques produced by the phage particles present in the supernatant fluid 
of a spun culture of S, typhi^urium symbiotically infected with phage Al. Note 
the great variation in size. The central disc in the plaques consists of phage- 
infected resistant bacteria. 

Fig. 8.—^Plaques produced by the phage particles present in a concentrate prepared 
from a culture in which phage Al has multiplied by the lytic cycle in the indicator 
strain of S. typlii-murium 1404. Note the cluster of large and mature plaques of 
uniform appearance and one small immature plaque. 
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For the interpretation of those findings, the possible fate of the 
normal bacteria deposited on the surface of the pliage-impregnatcd 
agar must bo considered. One of three things may happen to each 
organism:— 

(o) It may alight on a portion of agar %vhere it is not in immediate 
proximity to a phage particle. On incubation it will multiply and form 
a colony. This may grow to full size without on countering phage, 
in which case it will bo normal in appearance. Alternatively'’, it may, 
as it grows, come in contact with a particle, when phage action will 
spread through the colony, producing characteristic changes. It is 
proposed to designate such colonics phage-contaminated ” to 
distinguish them from the normal-looking colonies formed by the 
growth of a single symbioticnlly infected organism which will be 
referred to as “ phage-infocted ” colonies. 

The changes found in phage-contaminated colonies are illustrated 
in figs. 3 to 0. The different appearances are closely related to the 
stage of development of the colony when it comes in contact with the 
phage particle. If this takes place early, the 24-hour colony shows 
only radial markings seen in figs. 3 and 4. IVlicn invasion takes 
place at a later stage a small area of central " necrosis " is seen, as 
in figs. 4 and 5. Such colonies tend to be smaller than any of the 
others. IVhen the colony encounters the phage at a late stage in its 
development, a marginal blemish appears wliich spreads round the 
circumference and finally gives the characteristic appearances seen 
in fig. G. It is significant that if organisms taken direct from these 
different colonics are suspended in saline, diluted, and plated on agar 
so as to give discrete colonies, only symbiotically infected colonies 
develop from the first two typos, whereas from the third tj^e there 
is a mixture of contaminated and infected colonies. 

(6) The organism may come directly in contact with a phage 
particle and be infected in such a way that the lytic cycle of develop¬ 
ment is initiated. In this case it will be destroyed and no colony 
will develop. 

(c) It may come directly in contact with a particle which enters 
into symbiosis udth it. It will then develop into a colony which is 
normal in appearance but is formed of phage-infected bacteria. 

When the figures in table I are examined in the light of these 
considerations, the following conclusions can be drawn. At a concentra¬ 
tion of 10- particles per c.c, the phage has failed to reach any of the 
colonies and all are normal, while at 10^ it has contaminated about 
half. At concentrations of 10*, 10® and 10® all visible colonies have 
been contammated and at 10® some lysis has taken place. It is 
remarkable that in the majority of colonies exposed to the 10® 
concentrations, the marldngs were of the radial typo (figs. 3 and 4), 
while in the 10® concentration they were of the small central type 
(figs. 4 and 6) and in 10* of the large central type (fig. 6). 

In the 10^ to 10® concentrations a few contaminated colonies are 
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present and presumably indicate that the mixing of phage through 
the medium has not been uniform. The majority of the colonies are 
normal in appearance and are sjonbiotically infected. The striking 
feature is the decrease in the number of such colonies as the phage 
concentration falls. This decrease, by inference, must be balanced 
by an increase in lytic infections. If the average number of organisms 
deposited on each plate in this experiment is taken as 130, the fate 
of the bacteria against the four highest concentrations is as recorded 
in table II. 

Tabue II 

Fate of bacteria on phage-impregnated plates 


Concentration of phage particles . 

1 

10“ 

10® 

10? 

10® 

Symbiotically infected .... 

S7 

42 

33 

0 

Lysed or phage-contaminated 

43 

! 

S8 

97 

130 


Note .—The figures in the bottom row are based on the assumption that each plate 
iras inoculated with an average of 130 organisms. 


The development of symbiotic infection is thus greatest when the 
organism is exposed to high concentrations of phage and is of a low 
order when the concentration is weak. 


Development of symbiotic infection in broth cultures 

To confirm that the same type of action takes place in a fluid 
medium, a set of tubes was prepared similar to that used in investigat¬ 
ing the growth curves. A standard number of organisms was added 
to decreasing decimal dilutions of phage in broth, the tubes were 
incubated for 30 minutes to allow fixation to take place, and then 
cooled in ice to arrest development while the various dilutions were 
prepared. Each culture was diluted to 10^® so that approximately 
100 organisms were present per c.c., and 0*5 c.c. of this was plated 
on agar and incubated to determine the condition of the organisms. 
At the same time the number of infective centres ” in each culture 
was estimated. Infective centres are coimted by the same technique 
as is used for counting ftee phage particles. Each infective centre 
arises from either a free phage particle or from a bacterium to which 
phage particles have become adsorbed. Only one infective centre 
can take origin from a bacterium, irrespective of the number of phage 
particles that have invaded or have become attached to it. Hera 
again, many experiments have given similar results. A typical set of 
figures is sho^vn in table III. 

In the higher phage concentrations there is a reduction in the 
number of colonies and it may be assumed that the others have failed 
to develop because of lytic infection of the parent organism. In a 
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decreasing ratio, corresponding ^yiih. the piiago concentration, a 
proportion of the colonies are phage-infected. In the lower con¬ 
centrations there are insufficient phage particles to ensure a significant 

Table HI 

Relationship of bacteriophage concentration to the 
dcvdopincnt of symbiosis 


SalmonoUa typlii•murium and bacteriophage 


Phago particles per c.c. 
Batio of phago part ides 
to bacteria 

l-5xl0» 

15/1 

1-6X10» 

1-5/1 

1-6x10’ 

1-5/10 

1-5X10« 

1-6/100 

1-5x10^ 

1-6/1000 

Nil 

0/1 

Colony count 



41 

39 

45 

68 

Phago-frCG colonies . 

H 

14 

40 


... 


PhngO'Contammated 

colonies 

0 

3 

1 




Symbiotically infected 

colonies 

27 

. 

6 

0 




Infective centres . 

1-7X10» 

4-7x10’ 

1-2x10’ 

1 

1-5x10* 1 

1-5x10* 



number of contacts between bacteria and phage. In parallel with 
phage infection there is a reduction in the number of infective centres, 
indicating that in some cases several phage particles have become 
adsorbed on to one bacterium. 

These results are very similar to those given by the experiment 
with phage-impregnated agar and confirm the observation that 
significant numbers of symbiotic infections occur only where the 
bacteria are exposed to the action of relatively liigh concentrations 
of phage. 

Differences in plaque characters in symbiotic and 
lytic cultures 

When an overnight broth cultureofsymbiotically infected organisms 
is heated to GO® C. for 30 minutes and then spun, the supernatant 
contains a low concentration of phage particles which can he detected 
by spreading a drop on an agar plate previously sown with the indicator 
strain. The plaques which develop after incubation vary greatly in 
size and hence in stage of development. A number are mature, others 
are pin-point size and, between these extremes, all gradations occur. 
This finding is constant. Fig. 7 is from a plate prepared in this way. 

In contrast to this, the plaques formed by the concentrate Used 
in studying the growth curves and other experiments are very uniform 
in size and appearance. Nevertheless, when a plate is prepared in 
such a way as to show a large number of discrete plaques, a few are 
found to be of the small type. In one experiment, where a count was 


















452 


J. 8. K, BOYD 


made, there were approximately 550 mature plaques, 10 small ones 
and some intermediate size ones, difficult to assess. There were, in 
all, from 5 to 10 per cent, of immature plaques. Fig. 8 is selected 
from a heavilj^ infected plate to show the general uniformity in size, 
and one small plaque. 

The significance of these findings will be discussed in due course. 

Discxjssiok 

The results of these experiments furnish an explanation of the 
paradoxical growth curves in figs. 1 and 2. Whereas in the experiment 
with lytic 0 phage an increased concentration leads to earlier lysis, 
in the other it brings about a higher incidence of symbiotic infection. 
Organisms symbiotically infected are not destroyed and are resistant 
to further phage action. They multiply in normal fashion and thus 
give a steady increase in culture opacity. In fig. 2 the lag between the 
curve of the control and that of the highest phage concentration 
results from the lytic infection and subsequent disappearance of more 
than half the original inoculum of bacteria. In the lower concentra¬ 
tions of phage the curves show the effect of less symbiotic and greater 
lytic infection. Many bacteria are at first uninfected and so multiply 
until overtaken by the rapidly propagating lytic phage. It is note¬ 
worthy that in the case of A phage (fig. 2) the secondary growth appears 
at an earlier stage than it does in the case of O phage (fig. 1). This 
is because even in the lowest phage concentrations the symbiotically 
infected organisms in the one greatly outnumber the resistant variants 
in the other. 

These findings dispose of one problem only to pose another. Why 
are symbiotic infections commoner when bacteria are exposed to a 
high concentration of A phage particles ? There appear to be two 
possible explanations. 

The first is that symbiosis occurs when a bacterium is invaded by 
more than one particle of phage. It can be seen from table III that, 
in high concentrations of phage, multiple adsorption occurs but this 
does not necessarily imply multiple penetration. It is difficult to 
understand why the presence of more than one particle should lead 
to symbiosis nor can any precedent or‘analogous occurrence be recalled. 
In the absence of any positive evidence this theory must be regarded 
as improbable. 

The second is that the particles produced during the lytic cycle 
of development are of two kinds, one a lytic particle capable of 
reproducing only the l 3 d)ic cycle of development, the other a symbiotic 
particle endowed ^vith the attributes necessary for establishing 
symbiosis. To fit in with the findings recorded, it is necessary to 
postulate that the lytic particles are much more numerous than the 
symbiotic ones and that the symbiotic particles are dominant and 
can establish themselves in the host organism to the exclusion of the 
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lytic ones. Given such conditions, it can bo seen that in a high 
concentration of phage, entailing a proportionate if lower concentration 
of sjnnbiotic particles, a sufficient number of the latter will bo present 
to infect a significant number of bacteria. In low concentrations of 
phage the symbiotic particles will bo too few to have any appreciable 
effect and the picture will consequently be one of development by 
the lytic cycle, with the build-up of symbiotic particles revealing 
itself in the early onset of secondary growth. 

Evidence of the existence of two tjq)es of particle is furnished 
by the experiments illustrated in figs. 7 and 8. The great majority 
of the plaques arising from particles produced by the lytic cycle of 
development (fig. 8) are large and uniform in size and appearance, 
though a few are small. It is justifiable to assume that the large 
plaques result from the immediate action of a lytic particle on the 
organisms of the indicator strain with which the plate is sown. In 
contrast, plaques produced by the particles present in the supernatant 
fluid of a spun culture of B 3 ^mbiotically infected organisms (fig. 7) 
occur in all stages of development. Of these the mature plaques 
no doubt spring directly from lytic particles. The smaller and j^ounger 
plaques could well bo explained as a later development from symbiotic 
particles which would, to begin with, produce symbiotic infection 
of the indicator organisms. In multiplying, these would, after a 
varying number of divisions, produce lytic variants just as they do 
in broth cultures, and such lytic particles, on meeting the adjoining 
normal and sensitive organisms, would give rise to plaques whose 
stage of development would depend on the time which had elapsed 
before the lytic particle was thrown off. 

If then, the large uniform plaques are from lytic particles and the 
smaller ones from symbiotic particles, it would appear that, in the 
sporadic lysis wliich occurs during the growth of a symbiotically 
infected culture, symbiotic and lytic particles are produced in about 
equal numbers. Converse^, in the mass lytic multiplication occurring 
in the indicator strain, lytic particles outnumber symbiotic by about 
20 to 1. The picture thus revealed is that of a two-way or diphasic 
variation, lytic particles being produced as mutants by the symbiotic 
phase and symbiotic mutants emerging during the lytic cycle of 
development. 

This concept of two cycles of development is in general agreement 
with that of Lwoff and Gutmann, but these workers explain their 
findings in a different way. They postulate only one type of particle 
but believe that some bacteria are sensitive to its action while others 
possess certain powers of resistance. IVhen a phage particle penetrates 
one of the latter its development is arrested and it remains in an 
inactive or latent condition. They regard phage in this state as 
" probacteriophage and believe that it divides along with the 
infected bacteria. In certain circumstances this immature phage is 
** reactivatedwhen it resumes development and produces dis- 
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integration of the host bacterium Tvith the liberation of active particles. 
These may either give rise to lysis in susceptible organisms with 
which they come in contact or may estabhsh themselves in a state of 
latency in those which are resistant. These observations were made 
on B. megatherium. 

As far as S. typhi-murium and phage A are concerned, the theory 
of bacterial resistance as a cause of “ lysogenicity ” is untenable. 
If this accounted for the development of symbiotic infection, then in 
a series of tests in which the same total number of bacteria is exposed 
to an adequate concentration of phage, the numbers which are either 
sjnnbiotically infected and survive or lytically infected and destroyed, 
would be constant, irrespective of variations in the phage concentration. 
The figures in the tables show that this is not so. The numbers vary 
considerably, a high rate of symbiotic infection with a low rate of 
lytic infection being associated with a high phage concentration, and 
vice versa. There is nothing to suggest that bacterial resistance plays 
any part in producing symbiosis. 

The theory that latent or symbiotic phage is immature lytic phage, 
though it has won considerable acceptance, nevertheless presents 
certain difficulties. It receives support from the observation that 
active particles are not liberated when symbiotically infected bacteria 
are artificially disintegrated in different ways (Burnet and McBae, 
1929; WoUman and WoUman, 1936; Gratia, 1936). Recently, 
Lwoff, Siminovitch, and Kjeldgaard (1950) have induced mass lysis 
in a “ lysogenic ” culture by means of tdtraviolet radiation, an 
observation which suggests that, under the influence of certain stimuli, 
development to maturity takes place. On the other hand, it is unusual 
for an immature body to multiply indefinitely, as must in this case 
occur when phage is to be found in every daughter cell taldng origin 
from each infected organism. 

The alternative suggestion now put forward is that sjnnbiotic 
phage is a mature entity, which in its intracellular form is intimately 
associated with its host and cannot be dissociated from it by artificial 
means. It is destroyed when the host bacterium is destroyed and by 
agents which are inactive against it when it is in the free state. Its 
normal form of multiphcation is in harmony with that of the host. 
It is, however, fundamentally unstable and from time to time throws 
off variants which develop after the manner of lytic phages, leading to 
the disruption of the host bacterium and the liberation of both 
symbiotic and lytic particles, each capable of invading and developing 
in characteristic fashion in sensitive bacteria. The latter initiate 
Ijdic development but here too, the instability reveals itself in the 
emergence of a few variant symbiotic particles among the many 
lytic ones. 

To illustrate this diphasic variation the diagram devised by Lwoff 
and Gutmann for the cycles of development of phage derived from 
lysogenic jB. megathernim has been modified and is reproduced in fig. 9. 
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Variation of a simpler land has already been recorded (Boyd). 
Two phages of the B group, symbiotic in S. iyphi-mxtriim, have been 
shown to produce permanently lytic variants, i.e. variants which 
show no tendency to revert to the symbiotic state. One of these has 
all the characters (antigenic and otherwise) of a recognised 0 type 
of Salmonella lytic phage. 

In much recent work there is a tendency to focus attention on the 
lytic cycle of phage development and to regard the phenomenon of 
lysogenesis as a rather unimportant side-issue, probably duo to 
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“ association between exogenous virus and incompletely susceptible 
bacteria ” (Hershey and Bronfenbrenner, 1948). As far as S. iyphi- 
murium and its associated phages are concerned, this is certainly a 
mistaken point of view and there is good reason to believe that it is 
equally so in relation to other bacteria and their phages. In fact, it is 
probable that symbiotic phage has an all-important role to play in 
maintaining continuity of existence among the lytic types. In 
experiments with cultures of bacteria and phage, in which there is 
an artificial concentration of both elements, the two are brought into 
such close proximity that adsorption and subsequent development 
occur freely. Under natural conditions, when bacteria and phage 
particles are relatively scanty, this is far from being the case, for the 
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distance which separates them may, in terms of their size, be enormous. 
In such circumstances the chances of a phage particle coming in 
contact with a potential host are limited and the hkehhood of the 
phage maintaining itself in this waj^ for any length of time is remote. 
Symbiotic phage, on the other hand, is firmly established in its host 
organism and has an assured life-span stretching to the death of the 
last bacterium of an infected strain. 

It has long been known that phages which are sjonbiotic in one 
strain may be lytic in another—^this was first recorded by Lisbonne 
and Carrere in 1922. Symbiotic strains as now described, endowed 
■wdth the capacity of throwing off variants, are perhaps a more important 
source of lytic types and one which is unlikely to become exhausted. 
It is safe to predict that in time most l 3 rfcic phages, wliich are now 
regarded as distinct entities, will be traced back to their symbiotic 
parents and that then the classification of phage wfil be based on 
symbiotic types and not, as at present, on ephemeral lytic variants. 

If it be accepted that phages are in* fact bacterial viruses, and 
there are now few who do not agree with this, it is pertinent to ask 
if plant and animal viruses have a similar life-history, with a latent 
and innocuous intracellular phase corresponding to symbiotic phage, 
and an active and pathogenic variant which is the counterpart of 
lytic phage. Such a conception is in broad agreement TOth facts 
already known regarding certain virus diseases and may, with wider 
apphcation, provide a key to the solution of many obscure epidemio¬ 
logical problems. 


StTMJVIABY ANB CONCLTJSIO]SrS 

1. IVhen Salmonella typTii-murium is cultured in liquid medium 
in the presence of a high concentration of particles derived from 
group A phages which are normally found living in S 3 Tnbiosis with it, 
there is a slight lag in the growth curve followed by a steady increase 
in opacity. No obvious lysis occurs. When a similar culture is made 
in the presence of a low concentration of the same phage, there is a 
period of groviih followed by abrupt lysis. 

2. Experiments are described which show that this apparently 
paradoxical result arises from the fact that in the presence of a high 
concentration of A phage the majority of the bacteria become sym- 
biotically infected and multiply without undergoing lysis. In low 
concentration only a few are S5unbiotically infected and phage 
development follows the lytic cycle. 

3. The sjunbiofcic infection which occurs in high concentrations 
of phage is considered to be due to the presence of two types of particle 
in the phage lysate used in the experiment—one of these, predominant 
numerically, is lytic and the other, which is scanty, has symbiotic 
properties. 

4. It is concluded that phages of this tj^pe undergo a diphasic 
variation, the S3Tnbiotically infected bacteria producing lytic particles 
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from time to time, while symbiotic particles are produced during the 
lytic cycle of development. 

5. This is of much significance, both in relation to the lifo>history 
of bacteriophage and as a pointer to the possible existence of analogous 
processes in plant and animal \druses. 

^ly thanks aro duo to Jlr R. A. Jliles and ISIr D. E, Bidwell for technical 
assistance in carrying out these experiments. 
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[Salmonella schwartzengritnd) 

AN OUTBREAIC OF SALMONELLA SCHWARTZEN- 
GRUND INFECTION IN POULTRY 

H. Williams Ssitth and A. Buxton 
Animal Health Tnist^ Houghton QrangCf Huntingdonshire 

Sahn, schivartzcngnmd (I, IV, XII, XXVII . . .; d-<—7 . • *) 
was first isolated by Holm from a case of enteritis in a human subject 
(Kauffmann, 1944). Xo further reports on its isolation have been 
found in the literature. The following is an account of Salm, schwari^n- 
grand infection in poultry. 

I^Iethods 

Material for examination vras inoculated into selenite F medium (Loifson, 
1936), the volume of medium depending on the nature of the material uiider 
exammation. Incubation -vras carried out at 37* C. for 18-24 hrs. and the 
culture then soum on to Hjmes’s (1942) modification of Loifson’a dosoxycholate- 
ci.tTate-ag,ar -with the addition of 1 per cent, sucrose and 1 per cent. saUciU as 
described by Haines, Elliot, and Tomlinson (1947). The plates were incubated 
at 37° C. for 48 hours. Non-fermentmg colonies resembling those of Salmonelljo 
were marked and tested for mdole and urease production tlie rapid tost 
desenbed by Smith and Cha\e (1949). Colonies negative to tins test were 
Bubcultured and submitted to a slide agglutination tost with polyvalent O 
and H antisera and, if necessary, with group-specific 0 and phase 1 and 2 
antisera obtamed from the Medical Research Councirs Standards Laboratory, 
London. Organisms giving positive slide agglutination were submitted to a 
fuli tube test and their biochemical characteristics were determined. 

The first three Salm. scJiivartzengrund cultures isolated in this 
outbreak were identified by Dr Joan Taylor. In the meantime, specific 
absorbed antisera were prepared for this purpose and were used for 
the identification of the remainder of the cultures. 


CkjNiCAii Investigations 

Salm, seJnvartzengrand was first isolated from the liver of a six- 
day-old cliick that had died suddenly. Tins chick was part of a 
unit of 25 cliiclcs, and several of these units wore kept in the same 
brooder house. As these chicks were to be used for oxperimeuts, 
efforts w'ere made immediately to trace the extent and source of the 
infection. The brooder house was vermin- and bird-proof and was 
maintained under extremely good hygiemc conditions. Composite 
fieces samples w^ere collected from beneath each unit and inoculated 
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into selenite medium. No Salmonellse were isolated from any of these 
samples except those collected from the unit in which the chick had 
died. These contained Salm. schwartzengmnd. In view of this, the 
remaining 24 clucks in that unit were killed and the intestinal contents 
of each was cultured. Surprisingly, all were negative for Salmonellse. 

It was considered possible that the chicks had been infected via 
the egg. Consequently, an examination was made of the adult hens, 
20 in all, from which the particular unit of chicks was derived. F^cal 
specimens from the hens were all negative for Salmonella, and later 
examination of individual sera from each hen did not reveal H or 0 
antibodies for Salm, schwartzengmnd in any of them. The small 
amounts of feces expressed from the vent during sexing of day-old 
chicks were collected over a period of tlnee weeks and cultured. No 
Salmonella were isolated from these specimens, which represented 
about 300 chicks ; this also suggested that infection via the egg was 
improbable. 

No further chicks were lost and it appeared that the death of the 
one chick was an isolated event. However, about 3 weeks later, 
unexpected losses occurred among groups of young chicks and turkey 
poults kept in two different animal houses as part of different experi¬ 
ments. Both houses were rat- and mouse-proof. The losses all 
occurred within a period of a few days and only occasionally with 
any signs of Ul-health before death. Salm, schwartzengriiTid was isolated 
from the liver or feces, or both, of 13 of the 18 dead chicks and seven 
of the eight turkey poults. Feecal specimens were examined from 
young chicks and turkey poults kept in other units; all were negative 
for Salmonellas. The infected units of turkey poults and chicks were 
supplied with food from the same bin and six samples of this dry 
mash were examined bacteriologically. Each sample consisted of 
about 2 oz. of dry mash. Two were found to contain Salm, schwarizen- 
gmnd. The food material was carefully searched and a caked portion 
with a central core resembling rat feces was tested and also found to 
contain Salm, schwarizengntnd. The animal attendant mentioned 
that he had occasionally noted pellets of rat feces in the food. 

It now appeared that contaminated food was responsible for the 
outbreaks and that infected rats were probably the cause. The 
mash fed to the chicks consisted of a mixture of ingredients, some 
of which were grown on the premises and some of which were bought. 
An inspection of the granary revealed the presence of considerable 
amoxmts of rat and mouse feces on the floor where the ingredients of 
the food were mixed. Some of the home-grown food, such as oats, 
was found to contaia rat feces. Specimens of the purchased food 
materials kept in sacks were cultured but none were shovm to contain 
Sahnonellse. These included maize, maize meal, palm-kernel meal, 
bone meal, fish meal and meat meal. Samples of the mixed mash were 
examined at intervals afterwards but no more were found to contain 
Salmonellse, showing that the contamination was sporadic. 
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A survey was now made to determine the extent of the infection 
on the promises with particular regard to wild rats and mice, which 
appeared to be the only animals, with the possible exception of 
sparrows, wliich might contaminate the homo-grown food supplies. 


Penults of surrey 

Bats, Salm. schivartzcngrund was isolated from the fjccos of two of ten wild 
rats that had been shot, and from three of 35 specimens of rat fsecca also collected 
around the promises. No dead rats were over discovered and t!\o two rats with 
positive samples wore in excellent bodily condition suggesting that thoy wore 
symptomless fsccal excretors. 

Jllice. Salm, schti'aHzengrund was recovered from the fjcces of one of 16 
house mice caught in a cottage on tlio premises. 

Books. One of ten, rool?3 shot near the premises was found to bo a fiecal 
excreter of Salm, schwartzengmnd. 

Turkeys. Three of 40 adult turkeys were found to bo excreting Salm. 
schwartzengnind in their fccces. Rats had easy access to these turkeys. Of 
eggs laid by these turkeys, 40, wliich were either infertile or contained dead 
embryos, were shown not to contain Sahnonelljc. 

Hotisc-sparrowa. The fjcccs of 100 hovtse-sparrows trapped on the premises 
were found not to contain Salmonellie. 

Piga. Of ton pigs one was shown to bo excreting Salraonelljo in the 
fpBces. 

CoiffS, Fcecal specimens taken from 20 cows on the farm were negative for 
Salmonella}. 

Horses, No SalmonoUce were isolated from the freces of nine horses. 

Cats. Six cats were kept on the premises. Rectal swabs from each of these 
cats did not contain Salmonella. 

Ducks, Of ten ducks one was found to be a facal oxcreter of Salmonellao. 

Chickens. Composite fsccal samples representing about 400 yoiing chickens 
were all negative for Salmonellae. 

Further clinical investigations 

No further losses were noted among the poultry until two months 
had elapsed, when about 25 turkey poults, aged approximately four 
weeks, died during a period of abott seven days. Eight of those 
poults were examined post mortem, Salm. schwartzengnind was 
cultured from the liver or fieces, or both, of five of them. These 
young turkeys were Icept in an outdoor ark. Eleven arks containing 
young chickens, young ducks, and young turkeys were kept in the 
same area as the infected turkeys and had been fed from the same 
supply. None of the birds in these eleven arks was noted to be ill, 
and Salmonellffi were not isolated from pooled specimens of fseces 
collected from beneath each of the arks. 

Since the infection rate of Salm. sclavarlzengmnd in rats on the 
premises was high it was decided to determine whether the infection 
was present in rats in neighbouring districts. Consequently, with 
the co-operation of the County Pests Officer, 250 r<ats obtained from 
different districts in Huntingdonshire were examined bacteriologically. 
The rats had been killed with various poisons. A sample of fseces from 
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each rat was cultured, and portions of the hver, spleen, and the 
mesenteric lymph glands from every five rats were pooled and cultured. 
Only one Salmonella culture was isolated—a culture of Salm. iyplii- 
muriuTn from the faeces of one of the rats. 

About six months after the last outbreak among the young turkeys, 
it was possible to examine bacteriologically 48 rats that had been 
killed on the premises with poison. The rats were examined in the same 
way as the 250 already described, and Salmonellae were not isolated 
from any of them. 

Post-mortem appearances 

No significant features were noted during post-mortem examination 
of the chicks, the only abnormality being a difiuse inflammation 
of the small intestine with congestion of the associated blood-vessels. 
This feature was also present in the turkey poults together with 
lesions in the liver similar to those commonly found in Salm. typTii- 
murium infection in the mouse. These lesions were small triangular 
areas of necrosis, the base of the triangle being on the periphery 
with the apex directed towards the centre of the liver. 

Bacteriological findings 

All 50 strains of Salm, scTiwartzengrund that were isolated resembled 
each other in their morphological, cultural, and biochemical character¬ 
istics. The organisms possessed the typical properties of the genus 
Salmonella. They produced acid and gas in glucose, maltose, mannitol, 
dulcitol, sorbitol, xylose, rhamnose and arabinose within 24 hours 
at 37° C. Lactose, sucrose, salicin and inositol were not fermented 
in 21 days. The methyl-red test was positive, the Voges-Proskauer 
test was negative, indole was not formed and the citrate-utilisation 
test was positive. Gelatin was not liquefied, hydrogen sulphide was 

produced and urease was not formed. 

• 

Discussion 

The evidence supports the view that the infection of the young 
chicks and turkeys with Salm* schwartzengrund was caused by con¬ 
tamination of their food before or during the mixing process with 
excreta from rats or mice, or both. The negative results of the 
bacteriological examination of 250 rats from neighbouring areas 
suggested that the infection was confined to the rats on the premises. 
It would be difficult to decide whether rats, mice, rooks, or adult 
tmkeys were permanent reservoirs on the premises and how the 
initial infection arose. The negative results of the bacteriological 
examination of 48 rats poisoned on the premises six months after the 
last outbreak of infection amongst the turkey poults suggested that 
the rats were not a permanent reservoir of infection although a definite 
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conclusion could be drawn only if it had been possible to examine a 
greater number of rats. 

It was obvious from the negative findings of the examination of 
fjecal specimens, carried out over a period of time from a large number 
of young and adult poultry, that the contamination of the food with 
Sahn, sclixvartzcngmnd was a rare occurrence. Moreover, only portions 
of a contaminated batch of mixed food contained Salmonella organisms, 
and this was to be expected since the food consisted of dry mash 
which would probably allow neither multiplication nor even ^stribu- 
tion of the bacteria, 

SUM^tABY 

An outbreak of Salm, sclmartze,ngnind infection in young chicks 
and turkey poults is described. 

Infection appeared to result from the contamination of food with 
the excreta of infected rats or mice, 

Salm. schwarlzengrund was isolated from the faeces of wild rats, adult 
turkeys, a mouse and a rook. Only two Salmonellre were isolated 
from the faeces of 100 sparrows, a number of ducks, cats, cows, pigs 
and horses. All these animals were kept or caught on the infected 
premises. Sahn. schivartzengrund was not isolated from any of 250 
rats from neighbouring districts, but the faeces of one contained Salm. 
typhi-murium. 

"Wo wish to thank ]Mr K. A. Piggins and IMiss Shoila Day for their technical 
assistance and Dr Joan Taylor for lundly identifying the first three cultures 
of Sahn. schwartzengrund. 


REFERENCES 


Hahtes, R. B., Elliot, Elizabeth 
M. L., AND Tosilinson, a, J. H. 

Hynes, M. 

Kauefmann, F. 


Lelfson, E. 

Smith, H. Williams, and Chave, 

S. P. W. 


1947. Medical Research Council, Spec. 

Rep. Ser., no. 260, London, p. 8. 
1942. This Journal, liv, 193. 

1944. Acta ‘path, et microbiol. Scand., 
suppl. 54, p. 33. 

1936. Amcr. J, Hyg., 3cxiv, 423. 

1949. Mon. Bull. Min. Hlth. Puhl. JUth. 
Lab. Service, viii, 240. 







6i6.33+ . 342—002.446—092 . 9 : 619.993.3 

ACUTE HISTA3VIINE EROSIONS IN THE STOilACH 
AND DUODENUM OF GUINEA-PIGS 

A. Wynn WiiiLMis 

Department oj Morbid Analomyt Si Man/s Hospital^ London 
(Plates LXXVIH-LXXX) 

Repeated aqueous injections of histamine have in. the past been 
given in an attempt to produce gastric erosions and ulcers in laboratory 
animals. Buchner and ^MoUoy (1927) and Biirlde-de la Camp (1929) 
had some success with rats, but Overgnaid (1931) and Omdorff ct ah 
(1935), using dogs and O'Shaughnessy (1931) and Heinlein and Kastrup 
(1937-3S), using cats, all reported negative findings. 

Code and Varco (1940) first used beeswax as a base for the parenteral 
administration of lustaxnine. Their method allows the gradual 
liberation of very large doses of histamine over 24 hours or more. 
By its adoption, Hay ei ah (1942) have regularly produced clironic 
gastric and duodenal ulcers in many animal species including cats, 
dogs, griinea-pigs, rabbits and monkeys. 

Less attention has been given to the earliest lesions in the stomach 
and duodenum after histamine injections. Olovson (1950), using a 
histamine-beeswax preparation in guinea-pigs, concluded that ulcera¬ 
tion may be completed in less than 24 hours. His doses of Ixistamino 
ranged from 0*1 to 10 mg. He noted, in some cases, mucosal hromor- 
rhages after half an hour and macroscopic erosions after 3 hours. 
He also observed that duodenal lesions greatly outnumbered gastric 
ones. No mention was made of control animals. 

The following experiments represent an attempted confirmation of 
Olovson^s work. Olovson removed the stomach and duodenum of 
his animals immediately after death and carefully washed the mucosa 
with running saline before examining it. Because of the possible 
risk of abrasion of the delicate mucosa, this method was modified by 
filling the stomach and duodenum in situ with 10 per cent, formol- 
saiine with the aid of a small needle and syringe. About half-an-hour 
afterwards, stomach and duodenum were removed as one piece and 
immersed in a bath of 10 per cent, formol-salino before opening. 
Another modification of Olovson’s method consisted in the use of 
4'5 per cent, (w/v) wliit© beeswax in arachis oil as base for the 
histamine. To each millilitre of base were added 5 mg. of Ixistamme 
acid phosphate. Before injection, the histamine preparation was 
warmed to 50* C. for several minutes and shaken well. 
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SIethod 

Twenty-nine male guinea-pigs, whose average weight was 350 g., were injected 
intramuscularly with the histamine preparation immediately after the last 
meal of the day. The dose varied between 2 and 12 mg. histamine phosphate. 
They were killed within 24 hours, on the average after 15 hours, by a shaip 
blow on the head. The abdomen was opened immediately and the stomach 
and duodenum filled with formol-saline. Twenty male guinea-pigs of similar 
weight were used as controls. They were injected at the same time and in the 
same site as the test animals with 2 ml. of the arachis oil-beeswax base alone. 
They were killed after 15 hours by a blow on the head and their stomachs and 
duodenums were fixed in the same manner as those of the test animals. 


Results 

The incidence and distribution of the lesions are summarised in the 
table. The macroscopic appearances of the erosions are illustrated 
in fig. 1 {a and 6), and the microscopic appearances in figs. 4 to 6 
inclusive. 

TabiiE 

The incidence of stomach and duodenal lesions 


Dose of 
histamine 

No. 

of animals 
tested 

i 

No. 

of animals 
witJi 
stomach 
lesions only 

No. 

of animals 
with 

duodenal 
lesions only 

No. 

of animals 
with both 
stomach and 
duodenal 

1 lesions 

No. 

of animals 
without 
stomach or 
duodenal ] 
lesions ' 

ExPEBIIIENTAL AlUMAXS 


0 

0 

1 

0 

0 

1 

2 

2 

1 

(erosions) 

(erosions) 


1 

3 

1 

(erosions) 

(erosions) 

1 

0 

0 

0 


2*5 mg. 
5*0 mg. 
7*0 mg. 

10*0 mg. 

12’0 mg. 


(hsemorrhages only) 

4 

(erosions) 

3 

(2 with erosions ; and one, 
wliich died 4 hours after 
injection, with hsemor¬ 
rhages only) 

4 

(erosions, which in 2 
animals had developed 
into perforations) 

4 

(erosions) 


2 ml. of 
base only 


20 


CONTBOr. ANniALS 


(erosions; a single, small 
one in one animal and 
3 small ones in the other) 


18 


Erosions were present in 22 of the 29 test animals, in the stomach 
in 14, in both stomach and duodenum in 5, and in the duodenum in 
3. Mucosal haemorrhages alone were present in the stomachs of 3 
of the 29 animals. 
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With the smallest dose of histamine there "were mucosal htemor- 
rhages only. With larger doses there were multiple erosions, 
haemorrhagic or non-liaemorrhagic, and varying in size from a pin-head 
to 0*5 cm. in diameter. The erosions were round, oval or irregular 
in shape. They occurred in any part of the gastric mucosa but most 
commonly in the body or pyloric antrum. In the fresh state of the 
stomach they were clearly visible through the serosa (fig. 1). The 
duodenal erosions appeared as brown ** scorched spots or streaks, 
extending sometimes for 2 cm. from the pylorus and most prominent 
on the posterior wall. 

Histologically, the erosions consisted of abrupt deficiencies in the 
mucosa. Often only the most superficial part of the mucosa was 
affected. At other times the underlying muscle was exposed. Evidence 
of haemorrhage was frequently present in the necrotic floor, but 
inflammatory cells were, as a rule, conspicuous by their absence. The 
Burrounding mucosa showed a remarkably healthy appearance. 
Occasionally, congestion and oedema of its superficial part were seen ; 
more frequently, some degeneration and shrinking of glandular 
epithelium. CEdema of the submucosa was sometimes prominent. 
Some duodenal erosions were accompanied by a brisk inflammatory 
reaction, with numerous neutrophil polymorphs migrating into the 
tissue spaces, but, as has been stated, this reaction was exceptional. 

The erosions were formed very quickly, e.g. in one animal injected 
with 10 mg. histamine and killed 4 hours later there were numerous, 
extensive gastric erosions, and in 2 animals gastric perforation occurred 
6 and 8 hours respectively after the injection of 7 mg. histamine. 
An increase in the number, and sometimes of the size, of the gastric 
erosions accompanied increase in the dose of histamine. The optimum 
dosage for the production of erosions appeared to be between 7 and 
10 mg. histamine. Duodenal erosions appeared only after administra¬ 
tion of 7 or more mg. histamine. 

There was no correlation between the state of the stomach and 
that of the duodenum. Some of the most extensively eroded stomachs 
were unaccompanied by duodenal lesions. 

The presence of erosions in the stomachs of 2 of the control 
guinea-pigs was an unexpected finding. Presumably, acute erosions 
can occur spontaneously in guinea-pigs. 

An irregular finding in the animals was that of scattered areas of 
acute liver necrosis. The necrotic areas measured 1 to 3 mm, in 
diameter and were more marked at the periphery of the organ. 


COilMENT 

The results confirm Olovson’s observations on the ease and speed 
with which acute erosions are produced with histamine injections. 
Unlike Olovson’s results, however, gastric lesions greatly outnumbered 
duodenal ones. 
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The pathogenesis of the acute erosions presents a fascinating 
problem. BHstamine is kno^vn to increase gastric secretion. Gastric 
juice destroys the mucosa once the surface epithelium has been 
disrupted. But, if the gastric juice were responsible also for the 
destruction of the surface epithelium of the stomach and duodenum, 
one would expect to find large areas of erosion following histamine 
injection, instead of which we find focal areas of erosion. Bishton’s 
studies (1950) on the production of acute ischaemic lesions in the 
stomach and duodenum of guinea-pigs are possibly of significance 
in this respect. Following the parenteral administration of pilo¬ 
carpine, he observed ischsemic lesions in the mucosa 20 minutes later. 
These were demonstrable by injecting the blood vessels with colloidal 
silver iodide and then exposing the tissues to a photographic developer. 
Bishton concluded that the lesions were due to vascular occlusion 
and were a forerunner of erosions. 

It is possible that acute histamine erosions, as well as other types 
of erosions in the stomach and duodenum, are primarily vascular in 
origin. Their scattered distribution and the healthy surrounding 
mucosa are features pointing to a possible vascular basis. 

Acute erosions, identical in histology to acute histamine erosions, 
are not uncommon agonal lesions in the human stomach and duodenum 
(Williams, 1950). Examples are illustrated in figs. 2 and 3. Similar 
lesions occur also during active life in a variety of conditions, such as 
acute emotional crises, and they have been noted in experimental 
animals following the administration of drugs such as pilocarpine, 
morphine and caffeine. 

Summary 

1. Acute erosions were produced in guinea-pigs by the intra¬ 
muscular injection of 2-12 mg. histamine phosphate in a beeswax- 
arachis oil mixture. 

2. Gastric erosions were far more frequent than duodenal erosions. 

3. There was no constant correlation between the state of the 
stomach and that of the duodenum. 

4. The erosions were formed very quickly, in some instances within 
4 hours. 

5. The character of the erosions suggests a primary ischaemic 
origin. 

Thanks are extended to Professor W. D. Newcomb for his advice, to jV^ Alec 
Beasley for histological preparations, to IMr Thomas Norris of the \Arig^- 
Fleming Institute and to the members of the Photographic Department, 
Mary's Hospital, for their assistance. 
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Plate LXXIX 


HiSTAJHNE EROSIONfS 



Fig. 2,— ^HwinoirliBgic ociitG erosions in the antral mucosa of a man, ngctl 87, who 
died of pulmonary embolism. The stomach wns fixed with formobsniine im* 
mediately after death, Xl‘U. 



{«) ( 6 ) 


Fig. 3.—(a) Multiple acute erosions in the antral mucosa of a premature male infant. 
X 2-5. (6) One of the erosions. (H. and E. x 90.} Xote the absence of inflamma¬ 
tion. The stomach was fixed with formol-snlino immediately after deatl). 




Fig 4.—Acute erosion m the stomach Fio. 5.—Acute duodenal erosions in a gumoa-pig. The 

of a gumca-pig. There is no mflam- disintegration of the superficial part of the mucosa is 
mation and the adjacent mucosa apparent. Acute inflammatory changes are brisk, 

looks healthy, H. and E. x40. H. and E. x 120. 
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QUANTITATIVE STUDIES ON THE CONTENT OF 
NUCLEIC ACIDS IN NORMAL AND LEUIOEMIC 
CELLS, FROM BLOOD AND BONE MARROW 

J. N. Davidson, I. Leslie and J. 0 . White 

From the Department of Biochemistry, University of Glasgow, arid the Department 
of Pathology {Hcematology), Postgraduate Medical School of London. 

(Plate LXXXI) 

Sariples of aspirated human sternal marrow, venous blood, and 
leucoc 3 rtes isolated from venous blood have been analysed for content 
of deoxyribonucleic acid phosphorus (DNAP) and ribonucleic acid 
phosphorus (RNAP), and enumeration of nucleated cells in the samples 
has been carried out. The results are expressed in terms of average 
DNAP and RNAP in fig. X10“’ per cell. A series of normal, healthy 
individuals has been studied, together with patients with various 
types of leukaemia, both before and during therapy. Such results 
express the averages per cell from the mixed populations of growing, 
differentiating cells and mature cells in marrow, and for the mixture 
of various types of mature leucocytes in normal blood, or leucocytes 
at varying developmental stages in the leuksemias. 

The w'ork of Boivin, Vondrely and Vendrely (1948), Vendrely and 
Vendrely (1949), and of Mirsky and Ris (1949) suggests a very constant 
content of deoxyribonucleic acid (DNA) for the individual somatic 
cell nuclei of any one vertebrate species; the haploid spermatozoa 
have approximately half this amount. Considerable differences are 
found betw’’een one species and another. 


Technique 

Bone marrow. Samples were obtained by aspiration from the sternum, 
0*2-0*3 ml. sufficing. Films for cytological examination wore prepared, and 
the remainder of the sample mixed with 0*6 ml. of boparlnised salino and 
weighed. From this mixture of Icnown proportions, 0*1 ml. was withdrawn 
and diluted for enumeration of nucleated cells, and the residue used for deter¬ 
mination of nucleic-acid content. 

Peripheral blood. 2*5 ml. of freshly withdrawn venous blood were used 
for nucleic-acid determination, and 0*1 ml. diluted for nucleated cell count. 
Changes m the cells were minimal, but the samples were difficult to work with 
because of the great excess of protein. 

In a number of cases, analyses were performed on isolated leucocytes. Those 
cells could readily bo obtained from leukiemio blood by heparinising and standing 
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at room temperature for 1-lJ- hours. The leucocyte suspension was then 
separated from the sedimented erythrocytes. With normal blood, a similar 
separation was achieved by the method of Minor and Burnett (1948), in which 
bo\dne fibrinogen is added to the fresh heparinised blood, and glassware is 
siliconed to minimise loss of polymorphonuclear leucocytes.* In some analyses, 
the leucocyte suspensions were freed from all adherent plasma proteins by 
washings with 0*85 per cent, sodium chloride solution. The leucocyte suspensions 
were then sampled for cell coimting and analysis. 

Cell enumeration. Dilutions of the marrow samples were made at 1 in 20 
or 40 with 0-85 per cent, sodium chloride solution tinged with method violet, 
and cellular fragments broken up and the cells evenly suspended by slow 
mechanical rotation for 10 minutes. The improved Neubauer hjemocytomoter 
chamber was used for counting. Where enumeration of nucleated cells only 
was required, the erythrocytes were lysed with saponin. Leucocyte suspensions 
were counted similarly, but where saline-washed suspensions were used, rapid 
mixing and counting was necessary to avoid clumping of cells. 

The counts were performed on both sides of the chamber, 10 areas of 1 sq. 
mm. each being covered, usually giving a total of more than 1000 cells. 

Determination of nucleic acids. The samples were extracted twice with cold 
10 per cent, trichloracetic acid, and the nucleic acids determined, as described 
in an earlier publication on marrow (Davidson, Leslie and AVhite, 1948), utilising 
the Schmidt and Thannliauser (1945) method for separating the acids, and 
determining them as inorganic phosphorus after perchloric-acid oxidation by 
the Davidson and Waymouth (1943) modification of Berenblum and Chain’s 
(1938) micro-method. 

Cytological examination. In addition to air-dried films stained by 
Homanowsky dyes, wet-fixed films were examined cytochemically by various 
methods for nucleic acids and proteins (see White, 1947, 1950). 


Results 

Normal bone marrow 

The results for 27 aspiration biopsies of marrow from 22 normal 
volunteers are shown in table I and fig. 1. DNAP and RNAP is 
expressed in /xg. x 10“''^ per cell, and the ratio of the two acids, RNAP/ 
DNAP, is given. The mean of observations is given for each parameter 
with the observed ranges and standard errors of the observations. 


Leukcemic bone marrow 

The results for 33 obser^^ations on 17 cases of leukmmia of various 
types are shown in table I and fig. 2. These include observations 
made during various types of therapy, which in some cases produced 
remission {vide infra). The ranges are similar to those for the normal 
series. Seventeen initial observations on the 17 untreated patients 
give means wliich are similar to those for the total observations. 
Table III lists the types of leukmmia studied. 


♦ The leucocyte separations were carried out in co-operation witli Dr J. W. 
Fawcett. 
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No7-mal blood and isolated leiicocyies 

In table I and fig. 1 the results are shown for a series of 11 observa¬ 
tions on 10 normal individuals. The means for analyses on whole blood 
and on isolated leucocjiies are for the combined results. 


NUMBER OF 
OBSERVATIONS 
to I- 


4 .6 



8 10 12 14 16 


2 A 6 6 10 12 14 16 


6 
4 
3 
2 
1 

0 

Fig. 1.—^Average nucleic acid phosphorus (NAP) in pg. X 10’^ per cell in normal marrow 
and peripheral blood leucocytes. 

Histograms 

A. Deoxyribonucleic acid phosphorus (DNAP) in marrow cells, 27 observations on 

22 individuals, . 

B. Ribonucleic acid phosphorus (RNAP) in marrow cells. 27 o sorva ions on 

individuals. • j- i 

C. DNAP in peripheral blood leucocytes. 11 observations on 10 in vi ua s. 

D. RNAP in peripheral blood leucocytes. 7 observations on 6 indivi ua s. 

LeuTccemic blood 

Eighteen observations on 15 patients with various leuLsemias arc 
given in table I and fig. 2. Twelve observations were made on whole 
blood, and 6 on isolated leuksemic leucocytes. The t 3 rpes of leu senna 
are listed in table III. 

Comparison of results 

Student’s “ t ” test (Fisher, 1950) has been used to compare the 
corresponding means of the different series. This is sho'^ m ta ® » 

and the probability (P) is given where significant differences exist 

between means. 



4 6 8 10 12 14 0 2 4 
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NUMBER OF 

observations 

I6j- 

15 - 

14 - 

13 - 

12 - 

11 - 

10 - 


"A" 


b: 



Fio. 2.—^Average NAP m /ig. X10"’ per cell in leukacraic marrow and m peripheral 
blood leucocyios. 


Histograms 

A. DNAP in marrow cells, 33 obaer\'ations on 17 patients. 

B. RNAP in marrow cells, 32 observations on 10 patients. 

C. DNAP in peripheral blood leucocytes. 18 observations on 15 patients. 

D. RNAP in peripheral blood leucocytes. 18 observations on 16 patients. 
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Variation in the leuhcemia^ 

The leuksezrdo patients are classified clinically and cjiiologically 
as far as possible into acute, subacute and chronic groups, characterised 

Table n 


“ t ” test of significance for differences between means 


Means compared 

dxap 

RNAP 

Ratio RXAP/DXAP 

Normal and leukcemic marrow . 

Kot significant 

iN'ot significant 

Hot significant 

Normal marrow and normal blood 
leucocytes 

P . 

Doubtful significance 

Highly significant 

Highly significant 

0*05 



Degrees of freedom 

37 

33 

33 

Leukcemic marroxo and leukcemic 

hlnnfJ 

Just significant 

Highly significant 

Highly significant 

P. 

0*02 



Degrees of freedom 

50 

50 

50 

Normal and leukcemic bloods 

Kot significant 

Significant 

Significant 

P. 

... 



Degrees of freedom 

28 

24 

24 


Table HE 


Types of leukaemia examined 


Type of leukcemia 

Xo. of patients in whom 
marrow was examined 

Xo. of patients In wiiom 
blood Icucocjtes wore 
examined 

Acute myeloblastic and para-myeloblastic ^ 

8 

2 

Acute lymphoblastic 

’ 0 

3 

Subacute myeloblastic and para-myelo¬ 
blastic 

6 

3 

Subacute lymphatic .... 

1 

1 

Chronic myeloid ..... 

1 

3 

Chronic lymphatic .... 

1 

3 

Total . • . 

17 

16 


respectively by excess of primitive blast cells, varying proportions 
of primitive and older cells, and pronounced excess of the more 
differentiated cells. Expression of the nucleic acid content on this 
basis is shown in table IV, for 13 untreated cases.. 


Table IV 

Nucleic acid phosphorus {NAP) in the marrow cells of differe^it leukceinic 
groups {mean NAP in per cell) 


Group 

Xo. of 
patients 

DXAP 

RXAP 

Ratio 

RXAP/BXAP 

Acute leiikrcmia 

6 

8*8 

8-78 


Sub-acute leukaemia 

5 

7*98 

6*12 


Clxronic leukaemia . 

2 

8*25 

4*68 

■jiH 
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Effect of therapy on lenhmmic cells 

Where a response to therapy occurs, whatever the therapeutic 
agent or tj’pe of leuksemia, the general result is a decline in proportion 
of primitive blast cells and a rise in the more mature, differentiated 
cells in the marrow. Changes in the total cellularity of the aspirated 
marrow are very variable, however, particularly in the acute forms. 
No very regular changes have been found in the average nucleic acid 
content of the cells, but increased maturity of the marrow cells is 
often reflected by a fall in the average RNAP and in the RNAP/DNAP 
ratio'. In some acute cases, however, the cells have possessed very 
httle cytoplasm and the RNAP has been low before therapy, and an 
increase has occurred as the marrow becomes more mature. 

The example of acute leukaemia summarised in table V illustrates 
changes occurring during a temporary remission induced by 
aminopterin. 

Tabue V 

Aminopterin therapy in a patient with acute paramyeloblastic 

leukaemia 


Date 

Tlierapy 

Marrow structure 

Nucleated cells 
per mg. of 
aspirated 
marrow 

Average NAP per cell 
in iig. X10”^ 

Ratio 

RNAP/ 




DNAP 

RNAP 

UNAP 

14.6.49 

None 

Predominance of 
paramyeloblasts 

170,800 

8-9 

11-6 

1*3 

20.6.49 

3 days after 60 /zg. 
of vitamin Bjo 

Unchanged 

104,350 

9-0 

9-9 

1*1 

29.6.49 

After 9 mg. of 
aminopterin 

Fewer blast cells, 
more mature cells 

100,600 

8*3 

6-8 

0*82 

13.7.49 

Blood 

Mature, actively 
granulopoietic 
marrow 

245,300 

! 

9*4 

8-1 

0-86 

1.9.49 

None 

Blast cells again 
predominate 

181,700 

6*4 

7*0 

1*1 

1*8 

(Post¬ 

mortem) 

22.9.49 

IS mg. aminopterin 
from 3 to 11.9.49 

Blast cells 
predominate 
(post-mortem) 

Cells not 
enumerated 




Influence of technique on the results 

An attempt was made to determine whether the suspension of 
marrow samples in heparinised 0*85 per cent, sodium chloride solution, 
as used in our technique, resulted in any loss of nucleic acids. Marrow 
samples from 9 normal individuals and 5 leukaemic patients were 
each divided and half transferred directly to 10 per cent, trichloraceWc 
acid, half to 0*5 ml. of 0*85 per cent, sodium chloride solution in the 
usual way. The contents of nucleic acids in the paired samples were 
then compared on the basis of DNAP and RNAP per 100 mg. of aspirate 
and table Y1 shows the means of the amounts m the saline-treated 
samples as compared with means of the amounts in the samples ta 'en 
direct into trichloracetic acid. 
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The nature of the aspirated marroio used for analysis 

Marrow aspirated from the sternum consists of cellular fragments 
suspended in blood. Preparation of histological sections from the 
aspirate shows that the fragments represent the true stromal, hsemo- 
poietic tissue, whilst the adherent blood contains a mixture of mature 
peripheral leucocytes and more primitive cells liberated from the 
fragments. 

In our earlier work (Davidson, Leslie and PiTiite), only the marrow 
fragments were analysed. The ratio RNAP/DNAP ranged from 
3-8 to 1-0 in the normal series, with a value of 2-0 from the means 
for RNAP and DNAP. In the present series, the whole aspirate was 
used, and the results express average amounts of nucleic acid 
phosphorus for mixed populations of primitive and mature cells. 
This is responsible for the lower mean ratio RNAP/DNAP in the 
present normal series —0'81, with a range of 1-9 to 0'43. 

Using sternal marrow aspirated from 4 normal individuals, an 
attempt was made to demonstrate this difference between the com¬ 
position of whole aspirate and the cellular fragments. The fresh 
samples were divided at once into 3 fractions, which were analysed 
separately :—(a) whole aspirate, (&) the fragments of marrow remaining 
after removal with a pipette of the supernatant blood, this last being 
fraction (c), blood containing mature leucocytes and free marrow cells. 
The results are given in table VII. 

The RNAP/DNAP ratios in the whole aspirate are much lower 
than the corresponding ratios for the fragments alone, and 3 of these 
are similar to the ratios previously found for fragments, but one is 
lower. An analysis of variance shows that the higher ratios for 
fragments are determined by their significantly higher content of 
RNAP, as compared weight for weight with whole aspirate (P< 0*001). 

Discussion 

Although Avide variation occurs between observations in both 
series, the means for the average DNAP per cell for normal and 
leukmmic marrow are very similar, as are the means for the cells in 
normal and leuksemic blood. A few figures for the DNAP content 
of other human cells are available (Davidson and Leslie, 1950). The 
present results are of the same general order as those obtained for 
cells of Hver and kidne 3 ^, although the results of Vendrely and Vencfre y 
(1949) for liver are slightly lower than our values for haemopoietic 
tissues. We have found half this amount of DNAP in human 

spermatozoa, , 

Metais and Mandel (1950) have studied the DNAP of human blood 
leucocytes by methods similar to ours, and their results show 8^^ 
agreement, both in the value of the mean and as regards t le ac' 
of any significant difference between normal and leuksemic eucocj e 
series ; our observed ranges and standard errors, however, are rauc 
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Fic 4—^Sternal marrovr from a patient with acute pnTaTn> elobla%tic lexik'cmm fsce 
table \ ) Film vet fixed m Susa and stained by pjronm methvl green The more 
primitue cells have quite abundant deeplv basophilic cvtoplnsm and largo 
nucfcoh Average DXAP per cefi 8 9 pg x 10 ^ H^^4.P per cell IX 0 pg x iO ^ 

Ratio KNAP;D^AF 13 x900 


% 'gi# 
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Fio G—Sternal marrow from a patient with acute injeloblastic IcuK'omia, preparotl 
as m Ftg 4 Most cells are small, with mimmal cytoplasm, but possess prominent 
nucleoli Average DKAP per cell 8 7 pg x 10~’ RNAP per coll 4 3 X10“’ 
Ratio RNAP/DNAP 0 49 x 900 
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larger than theirs. Osgood (1950, personal communication) has also 
studied the DNAP of normal and loukremic human leucocytes, 
observing ranges similar to those encountered in our own series, 
though with rather lower means. 

It is not possible as yet to ascertain the full significance of the 
individual variations in our BNAP values ; the various errors inherent 
in the methods used may account in part for these. Marrow is a very 
heterogeneous tissue, in wliich gro'wth is normally achieved by 
successive mitoses accompanied by ^fforontiation. In some leuksemias, 
cell proliferation may proceed with practically no differentiation. In 
any sample of marrow, the number of cells actually in division is 
never high, although the number of cells preparing for mitosis may 
be far higher. The effect of a relatively high rate of growth on the 
average DNAP content per cell cannot, of course, be determined with 
assurance, but it may be expected to cause an appreciable increase. 
Indeed, we have found an increase of average DNAP in marrow cells 
relative to mature blood leucocytes of the order of 19 per cent, in 
both normal and lenkjcmio series, this difference being of borderline 
significance. Variation in chromosome numbers may occur in some 
cells, though in normal marrow this may be limited to megakaryoc 3 d;es 
and occasional endomitotic colls (Schwarz, 1946). 

Whatever the impact of these variables, the range of average 
DNAP values encountered in normal and loukmmic marrow is very 
similar, and the means show no significant difference. Such similarity 
in the ranges and means may suggest that there is little fundamental 
difference in the nuclear organisation of normal and leukaBinic cells 
so far as the deox 3 Tibonucleic acid component is concerned. Mitoses 
with haploid chromosome numbers have been reported in leukjemio 
cells by a number of authors (Porkner, 1938 ; PolU, 1950), but the 
majority of viable cells may well be derived by more normal mitoses. 
Gunz (1948) found that most mitoses were normal in the early stages 
of in vitro culture of leukasmic blood cells, although some abnormal 
** resting ” cells were seen. Our results would seem to bo more 
consistent with this observation. 

The average cellular RNAP is subject to similar wide variation in 
the normal and leuksemic series, but the mean for the leuksemic scries 
does not differ significantly from the normal mean, though it is a little 
higher. This is rather surprising, since cytochemical examination 
of the leukjemic cells shows that the more primitive cells have cyto¬ 
plasm rich in basophilic material which is removable by ribonucleaso. 
But the cytoplasmic mass of the primitive leuk»mic cells is very 
variable and cases of myeloblastic or lymphoblastic leukaemia often 
have cells possessing a minimal amount of cytoplasm, although this 
small amount may be quite basophilic (figs. 4 and 5), In aU primitive 
leuksemic cells, Feulgen-negative nucleoli are prominent and are rich 
in basophilic material removable by ribonuclease. 

A trend linking predominance of primitive cells in the different 

2h 2 


J. PATH BAOT—VOL LXni 



482 


J. N. DAVIDSON, I. LESLIE AND J. C. WHITE 


types of leukaemic marrow with higher average RNAP values per cell 
is apparent but has not been statistically proved. Similarly, increased 
cellular maturity following therapeutic remissions is often accompanied 
by fall in average RNAP and RNAP/DNAP ratios, but the reverse 
may occur in some acute leuksemias where the primitive cells possess 
a very small C3rtoplasmic mass. 

The significantly lower mean RNAP for the blood leucocytes as 
compared with marrow cells reflects the fall in cjftoplasmic and 
nucleolar ribonucleic acid content with maturation, which is apparent 
on cytochemical examination of the cells. Similarly, although the 
leuksemic blood cell RNAP is much lower than the leuksemic marrow 
value, it is still significantly higher than normal blood leucocyte RNAP, 
and the leuksemic blood samples all contained varying numbers of 
the more primitive cell types. The general tendency for a fall in 
RNAP to occur with increased cell maturity is in line with the concepts 
developed by Thorell (1947) in his quantitative micro-spectrophoto- 
metric investigations on hsemopoietic cells. 

SirjkIMABY AlsTD CONCLITSIOKS 

1. The average content of deoxyribonucleic acid phosphorus 
(DNAP) and of ribonucleic acid phosphorus (RNAP) per nucleated 
cell has been determined in samples of aspirated sternal bone marrow 
and of venous blood obtained ftom 22 normal individuals and 17 
patients with leuksemia, 

2. The DNAP values show a wide range in normal and leukaemic 
marrow, but the means of the two series are very similar. 

3. The mean DNAP is the same in normal and leukaemic peripheral 
blood leucocytes, but in both series the means are about 19 per cent, 
lower than those for marrow cells, the differences being of borderline 
significance. 

4. The lack of significant difference between the normal and 
leukaemic DNAP values is discussed in relation to recent work on the 
apparent constancy of nuclear DNAP and in relation to mitosis. In 
so far as the quantity of the deoxyribonucleic acid component relates 
to nuclear organisation, normal and leuksemic cells do not appear to 
differ fundamentally. 

75. The RNAP values show a similar wide range in normal and 
leuksemic marrow, and the means do not differ significantly. 

v6. The mean RNAP per cell for peripheral blood leucoc 3 d}es is 
significantly lower than the corresponding mean for marrow cells 
both in normal and in the leuksemic series, but the mean RNAP of 
leuksemic leucocytes is significantly higher than the value for normal 
leucocjdes. 

^7. The quantitative studies on the RNAP show a smaller difference 
between the average amounts in normal and leukaemic marrow cell 
populations than might be expected from cytochemical investigation. 
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The great variability of primitive leukremio cells, particularly in the 
amount of basophilic cytoplasm present, is discussed in relation to 
this. 

^ 8. In both normal and leukcemic series, the RNAP content of the 
mature blood leucocytes is lower than that of marrow cells, and a 
fall in RNAP has also been observed in the marrow cells of some 
leukaimic patients during the therapeutic remission. This evidence 
suggests that the ribonuclcic-acid content of cells diminishes with 
increasing maturity, wliich is in accordance with conclusions drawn 
from cy to chemical examination of the cells. 
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types of leukaemic marrow with higher average ENAP values per cell 
is apparent but has not been statistically proved. Similarly, increased 
cellular maturity following therapeutic remissions is often accompanied 
by fall in average ENAP and ENAP/DNAP ratios, but the reverse 
may occur in some acute leuksemias where the primitive cells possess 
a very small cytoplasmic mass. 

The significantly lower mean ENAP for the blood leucocytes as 
compared with marrow cells reflects the fall in cytoplasmic and 
nucleolar ribonucleic acid content with maturation, which is apparent 
on cytochemical examination of the cells. Similarly, although the 
leukmmic blood cell ENAP is much lower than the leuksemic marrow 
value, it is stUl significantly higher than normal blood leucocyte ENAP, 
and the leuksemic blood samples all contained varying numbers of 
the more primitive cell types. The general tendencj’' for a fall in 
ENAP to occur with increased cell maturity is in line with the concep^^s 
developed by Thorell (1947) in his quantitative micro-spectrophoto- 
metric investigations on hsemopoietic cells. 

SOTEVIAnY A^jy CONCIiTTSION-S 

1. The average content of deoxyribonucleic acid phosphorus 
(DNAP) and of ribonucleic acid phosphorus (ENAP) per nucleated 
cell has been determined in samples of aspirated sternal bone marrow 
and of venous blood obtained from 22 normal individuals and 17 
patients with leukaemia. 

2. The DNAP values show a wide range in normal and leuka3mic 
marrow, but the means of the two series are very similar. 

3. The mean DNAP is the same in normal and leukaemic peripheral 
blood leucocytes, but in both series the means are about 19 per cent, 
lower than those for marrow cells, the differences being of borderline 
significance. 

4. The lack of significant difference between the normal and 
leukaemic DNAP values is discussed in relation to recent work on the 
apparent constancy of nuclear DNAP and in relation to mitosis. In 
so far as the quantity of the deoxyribonucleic acid component relates 
to nuclear organisation, normal and leukaemic cells do not appear to 
differ fundamentally. 

75. The ENAP values show a similar wide range in normal and 
leukaemic marrow, and the means do not differ sigmficantly. 

x/g. The mean ENAP per cell for peripheral blood leucoc 5 d}es is 
significantly lower than the corresponding mean for marrow cells 
both in normal and in the leukaemic series, but the mean ENAP of 
leukaemic leucocytes is significantly higher than the value for normal 
leucocytes. 

^7. The quantitative studies on the ENAP show a smaller difference 
between the average amounts in normal and leukaemic marrow ce 
populations than might be expected from cjdjochemical investigation. 
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DYSTOPIA OP THE NEUROHYPOPHYSIS: 

TWO CASES 

Bebnakd Lennox and Dorothy S, RusseiiL 

From ihe Department of Pathology of the Postgraduate Medical School of London 
{Hammersmith Hospital) and the Bernhard Baron Institute of Pathology, 
The Lojxdon Hospital 

(Plates LXXXII-LXXXIV) 

Only eight cases of the curious condition known as dystopia of the 
posterior pituitary appear to have been recorded and of those none 
has appeared in the literature of this country or of America. This 
degree of rarity and the intrinsic interest of the condition seem to 
justify the following report of two cases, even though they present 
no additional features of importance. 

Case 1 

Clinioal history 

A normally developed parous woman of 67 had been known to have diabetes 
mellitus for nineteen years. She had been under observation in the diabetic 
clinic of Hammersmith Hospital under Dr Russell Fraser for eight years, and 
during this time routine investigations showed nothing to suggest that the 
diabetes was in any way imusual or that any other endocrine disorder was 
present. She was stabilised latterly on 26 daily units of protamine zinc msulin. 
Squamous carcinoma of the right tonsil was diagnosed at the age of 61, was 
treated with X-rays, recurred foin* years later, was again treated, and at the 
time of her death presented a large second recurrence. Death however was 
not directly due to this, but occurred in h 5 rpoglycsemic coma, produced, it was 
believed, by taking an excessive dose of insulin in the hope of being able to 
produce sugar .free urine at her monthly visit to the diabetic clinic. 


Pathological itnoings 

Post-mortem examination two days after death showed nothing 
unexpected outside the pituitary. There was an ulcerated, infiltrating 
mass of ill-differentiated squamous carcinoma in the right upper 
triangle of the neck. The pancreas was grossly normal but had 
probably some reduction in number of islets. There were early 
Kimmelstiel-Wilson lesions in the glomeruli of the kidneys; the 
thyroid and adrenals were normal and the genitalia senile. In removing 
the brain a firm, pink and slightly bUobed nodule (6x4x4 mm.) 
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vras noted at the apex of the infundibulum. What appeared to he a 
normal pituitary stalk ran down from it to pierce a normal diaphragma 
selte and join a structure of the size and external shape of a whole 
normal gland in the pituitary fossa. The nodule with adjoining brain 
and part of the stallc was embedded whole and sectioned sagittally: 
the intrasellar gland was sectioned horizontally and both halves 
embedded. WTien histological preparations had been examined and 
the diagnosis made, the remaining material was sectioned serially 
(at 100 iJi intervals from the upper block and 250 /a intervals from 
the lower two). Examination of the intrasellar gland was thus 
thorough, but that part of the stalk which lay witliin the diaphragmatic 
aperture and one lateral half of the upper block were lost. 

]\IlCIlOSCOPICAIi EXAMINATION 

The neiiroliypopliysis forms the nodule noted at the apex of the 
infundibulum (fig. 1). Histologically it shows little else abnormal. 
No infiltration with basophils of the type seen near the pars intermedia 
is present. One single group of epithelial cells (fig. 3) is seen near its 
upper pole; they are faintly basiphile by Mallory, moderately muco- 
protein positive by Pearse’s (1949) trichrome-periodic acid-Schiff 
method, and Sudan-black staining of paraffin sections shows no 
lipoid. 

The infundibulum contains no recess but appears otherwise normal. 
The adjacent structures of the third-ventricle floor, including the 
supraoptic nucleus, appear normal. 

The whole of the apparent stalk of pituitary (fig. 2) is formed by 
the pars tuberalis, which spreads out over the anterior surface of the 
nemohypophysis and of the infundibulum above it as far as the post- 
chiasmal angle. At all levels it contains numerous thin-walled blood 
vessels, running longitudinally; these vessels, which must represent 
the pituitary portal system, avoid the neurohypophysis almost entirely 
(fig. 2) though one large channel runs from its posterior surface into 
the stalk and a few capillary communications can be traced. 

The pars anterior appears histologically normal. In view of the 
post-mortem interval no detailed cytological study was attempted, 
but Dr A. G. E. Pearse thought the glands normal for a patient of 
this age. There is no trace of neurohj^Dophysis, pars intermedia or 
cleft in tliis part of the gland. The stump of the stalk as it joins the 
upper surface of the gland consists of pars tuberahs. 

Case 2 

CLINICAIi HTSTOEY 

W. S., a male aged 58, was admitted to the London Hospital on 22nd *1^® 
1937 with abdominal pain, tenderness and rigidity in the right iliac fossa, 
operation, performed immediately, peritonitis was found and a gm^enous 
appendix removed, with drainage of the peritoneal cavity. He died three 
days later. 
















Table —Summary of reported cases of dystopia of the neurohypophysis 
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PaTHOLOGIOAI/ ITESTPIN-GS 

Post-mortem examination (P,M. 265, 1937) performed 16 hours 
after death revealed general sero-fibrinous peritonitis as the cause 
of death. The subject was a tall (6 ft.) well-developed stout muscular 
man. Incidental findings were the replacement of the right suprarenal 
by confluent fibrocaseous tuberculous nodules, focal hyperplasia and 
atrophy of the cortex of the left suprarenal, and obsolete tuberculosis 
of the sub-apical region of the right lung and of the right liip-joint. 
Two colloidal adenomata were present in the othenvise normal thyroid 
gland. The first part of the duodenum showed two shallow peptic 
ulcers. 

The stalk of the pituitary from the infundibulum to the level of 
the diaphragma sellae was expanded by a solid grey nodule (0*7 cm. 
in diameter). A short segment of stalk united its lower extremity 
to the anterior lobe (weight 0-4 g.) in the seUa turcica. The anterior 
lobe was of normal appearance ; no trace of posterior lobe tissue was 
visible in its border. 


Mickoscopic examination 

On mid-sagittal section the nodule in the stalk (fig. 4) is composed 
of tissue identical in appearance with that of the normal posterior 
lobe of the pituitary. No epithehal cells are present, as in case 1. 
It is coated anteriorly with a narrow strip of pars lingualis. A small 
group of cells belonging to the pars tuberalis hes in the posterior 
angle between the nodule and its attachment to the infundibulum. 

After fixation in formaldehyde the anterior pituitary was divided 
sagittally into four portions which were embedded together in paraffin 
wax, Mcroscopically there is no histological abnormality, and no 
trace of posterior lobe is present. The lower extremity of the stalk 
is represented by a tag of tissue resembling the normal pars lingualis. 

Discussion 

Reported cases of this anomaly, including the present two, are 
collected in the table. Congenital anomalies of the pituitary are 
rare, only the various forms of craniopharyngeal duct persistence 
and the lesions associated ^vith anencephaly being even relatively 
frequent. The only reported cases found which bear even remote 
relation to the condition under discussion are Kraus’s second case 
(1926), a child of 14 days with neurohypophysis embedded in the 
anterior surface of the pars anterior—^no clinical details and no details 
of staUv anatom}^ are given, and Ratzenhofer’s case (1938) in wliich 
a deformity of the basis cranii displaced the whole pituitary into the 
cranial cavity. 

The most remarkable feature of the tabulated cases is the lack 
of any characteristic endocrine effect. Lhermitte and Roeder s case 
(1922) and our first case both had diabetes mellitus ; an incidence 
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of two out of ten of a condition whose general incidence at the 
relevant ages is not over 1 per cent, could bo sho-wn to be statistically 
significant, but it seems wise to withhold judgment on this in so small 
a series. Two cases did, of course, have major endocrine disorders 
but in both the pituitary lesion was more than a simple dystopia. 
In PrioseVs first case (1920) the functional pars anterior was greatly 
reduced by the cyst, and it cannot be doubted that this was the 
effective lesion. In Biemond and Harz’s case (1935) the moderate 
dwarfism was believed to bo ovarian in origin, and the ovarian hypo¬ 
plasia was ascribed by the authors to the pituitary lesion. If tliis is 
so—and the case is not an easy one to assess—a comparison with 
other cases suggests that the interruption of the pituitary stalk, and 
with it the portal system, was more important than the displacement 
of the neurohypophysis, though this was more extreme than in any 
other case. In general, it seems safe to assume that simple dystopia 
of the type seen in the two cases described in the present article does 
not lead to any change in pituitary function. 

The constancy of the juxtaposition of the neuro- and oro-hypophysis 
in vertebrates has encouraged the belief that this is of functional 
significance. Support may be advanced for such an argument tlirough 
the frequency of “ invasion ” of the neurohypophysis by trabecular 
masses of basophil cells and, more doubtfully, through the presence 
of colloid vesicles amongst the borderline cells. Neither of these 
features has, however, been proved to be of functional significance, 
and it has never been demonstrated with certainty that the contiguity 
of the two parts is necessary to any of the lal 0 ^vn physiological functions 
of the pituitary. In whales (Gelling and Robbins, 1938) a fibrous 
septum between the lobes affects the function of neither of them. 
In the wood-frog, Atwell (1938) succeeded in displacing the embryonic 
pars anterior from the floor of the third ventricle without disturbing 
its differentiation or any detectable part of its function. These cases 
of dystopia of the neurohypophysis afford additional evidence that 
normal contact between neuro- and oro-hypophysis and, incidentally, 
differentiation of the pars intermedia, is not necessary for the function 
of the pituitary in man. It is true that the pars tuberalis remained 
in contact with the pars nervosa in all cases, but there was no histo¬ 
logical evidence of activity along the line of contact, and if the pars 
tuberalis has any significance in these cases it may weU be chiefly 
in virtue of the portal vessels wliich it carries. It may be concluded 
that the association of the two halves of the pituitary is simply an 
accident of developmental contiguity perpetuated by the hypothalamic 
connections of the pars anterior. 

SUMaiABY 

In the two cases described the pars nervosa of the pituitary was 
foimd accidentally at post-mortem to lie between the infundibulum 



490 


B. LENNOX AND D. S. RUSSELL 


and the diapliragma sellse, being connected to the normal pars anterior 
lying in. the pituitary fossa by a stalk consisting of pars tuberalis. 
One patient had diabetes mellitus, the other no known endocrine 
disorder. Ten cases of this condition have now been described. 
When uncomplicated it does not appear to result in any disorder of 
pituitary’- function. 
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CHOLESTEROL CONTENT OE TABETIC 
SPINAL CORD 

K. C. Dixon and B. M. Herbebtson 
Department of Pathology^ University of Cambridge 

(Plate LXXXV) 

The lipids of myelm consist largely of free cholesterol, sphingomyelin 
and cerebroside, in Wallerian degeneration this free cholesterol 
disappears and there is also a fall in total cholesterol (Johnson, MeXabb 
and Rossiter, 1948, 1949). A similar fall m cholesterol is likely to 
accompany the pronounced loss of myelm in tabes dorsalis where 
demyehnation is histologically confined to the posterior white columns 
of the spinal cord as well as the dorsal roots. It appeared of interest 
to establish by simple chemical technique if there is, in fact, a fall in 
cholesterol content of the posterior columns. Accordingly, we 
estimated the cholesterol content of both posterior and lateral columns 
from four normal spmal cords and also from one cord showing severe 
and extensive tabes dorsalis. 

Material ajs'd methods 

Matenal. Four normal spmal cords (cords A, B, C and D—table I) and 
one cord from a case of tabes dorsalis (cord E—table II) were used. Cord A 
was from a man aged 66 who died from congestive heart failure followmg chronic 
rheumatic heart disease, cord B was from a man aged 48 who died from cardiac 
infarction, cord C from a man aged 25 who died from cerebral abscess followmg 
chronic otitis media and cord D from a man aged 65 who died from caremoma 
of the ascendmg colon Cord E was from a man aged 69 who had suffered from 
tabes dorsalis. He was said to have contracted syphilis at the age of 20 Severe 
tabes was diagnosed at age of 65, and aortic mcompetence was foimd at the 
age of 67. The Wassermann reaction of the C.S F. was strongly positive shortly 
before death from generalised peritonitis followmg painless acute appendicitis. 
Post mortem examination showed extensive tabes dorsalis and syphilitic 
aortitis. The cords were fixed m 10 per cent, formol salme and pieces were 
taken for analysis after varymg periods up to 13 months (see tables I and H). 
Accordmg to Brante (1949) the cholesterol content of white matter does not 
change durmg prolonged immersion in formaldehyde solution. Our results 
confirm this view for the white matter of spinal cord (cords A and E), exammed 
at mton^als after a period of 3 to 13 months of storage, but m two other cords 
(C and D), a slight fall m cholesterol appeared to occur durmg the first three 
months of storage. Various possible factors may account for this sbght diminu¬ 
tion durmg the early stage of storage However, the conclusions, based largely 
on the value of the ratio of cholesterol content of the posterior and lateral 
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columns, could not be affected by so slight an alteration. Furthormoro, tlio 
mean absolute values cited in the text for normal cord A, and for tabetic 
cord B, refer to observations made after three months or more of stora^^o. 

Freparation of (isme. For each estimation a cylindrical piece of lumbar or 
thoracic cord 1-2 cm. long was removed by transverse cuts with a mounted 
razor blade. From this piece of cord portions of both posterior and lateral 
tracts were obtained. Firstly, the pia-arachnoid was stripped from the surface of 
the cord. Tl^e moistened, transversely cut surface of the cord was then examined 
with a hand lens so as to orientate the razor before incision and a longitudinal 
incision was made starting just medially to the points of entrance of the dorsal 
roots. The incision was directed anteromedially to meet a similar incision from 
the opposite side. In this way, a piece of white matter (sectorial in transverse 
section) was cut from the posterior columns. Similar strips of white matter 
were then cut from the anterolateral tracts of both sides. Great care was taken 
during these procedures to ensure that no grey matter was included in tlio 
strips used for analysis. The cord remaining after removal of tlie strips of white 
matter consisted of a piece of tissue, stellate in transverse section, containing 
ail the grey matter and remnants of the white. In many cases the stellate 
pieces were later examined histologically to check the accuracy of excision 
(see fig. 2). 

Extraction of tissue, Tlie pieces of posterior and»anterolateral columns 
excised in the above marmer were rinsed with a jet of distilled water on filter 
paper, then blotted and dropped into 100 ml. pyrex flaslcs containing 20 mi. 
ethanol-ether mixture (3 vols. ethanol: 1 vol. diethyl ether). Each flask was 
stoppered with a ground glass stopper and left in the refrigerator overnight. 
Next morning the pyrex fiaslts were connected by ground glass joints to reflux 
condensers and heated on a I^ot plate with reflux condensation for 2 lira. Tlie 
supernatant fluid was then poured off from the extracted pieces of tissue into 
** Quickfit ” flasks. The original flasks containing the pieces of tissue were 
washed with 3x5 ml. wasliings of ethanol-ether, the washings being transferred 
to the Quickfit fiaslis. The pieces of tissue in the pyrex flaslcs wore tlien 
re-extracted with a further 20 ml. ethanol-ether for 2 hrs. The pieces of tissue 
were removed from the second extract and transferred to p^TOx micro weighing 
glasses, dried for 3 hrs. at 100° C. and weighed on an air-damped somi-micro 
balance. The fat-free drj^ weights were generally between 4 and 11 mg. The 
“ Quickfit ” flasks containing the first extracts of cord, together with the 
washings, were evaporated in vacuo to small volume on an electric hot plate. 
The final fluid was removed by raising the flask from the hot plate and sucldng 
air through the hot flask to blow off the remaining solvent, great care being 
exercised to avoid overheating while the final fluid was being removed. The 
flasks were then placed in a desiccator imtil ready for estimation. In several 
experiments the fluid from the second extraction was similarly treated, but in 
no case was any significant amount of cholesterol detected. It was therefore 
concluded that the first extraction removed all the cholesterol, but the second 
extraction of the tissue was always carried out so as to obtain strictly comparable 
values of fat-free dry weight. 

Estimation of cholesterol. The dry residues in the Quickfit ^ flasks were 
dissolved in 25 ml. of boiling chloroform and transferred quantitatively with 
2 X10 ml. washings into 50 ml. glass-stoppered volumetric flasks. After cooling, 
the solutions in the flasks were made up to 50 ml. with chloroform. Five ml. 
of this solution were transferred to a 25 ml. glass-stoppered graduated cylinder 
and the volume was made up to 10 ml. with chloroform, except in tho case 
where 10 ml. were used for tlie posterior columns of tho tabetic cord. 

Standards containing 0*25 mg. and 0*5 mg. cholesterol in 10 ml. chloroform, 
prepared daily from a stock solution of cholesterol in chloroform of strength 
100 mg./lOO ml., were placed in other 25 ml, glass-stoppered cylinders. Two ml. 
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sulphuric acid were added to 40 ml. acetic anliydride, the mixture being cooled 
m a refrigerator for about 10 mmutoa. Four ml. of this reagent were added m 
turn at 3 minute mtervals to each of the solutions of cholesterol m chloroform, 
first to the standards and then to the unknowns. Tlie cylinders wore shaken 
and placed m a water bath at 20*^ C. in the dark. After exactly 30 mins each 
cylmdor was removed and the intensity of the green colour which had developed 
was measured m a photoelectric colorimeter using a red filter. The “ blank *’ 
consisted of a similar mixture of chloroform (20 ml.) and acotic anhjdnde- 
gulphuric acid mixture (8 ml). Tho blank mixture was first placed m two 
optically matched test tubes of an Evans electroselenuim photoelectric colori¬ 
meter or in two matched fused cells of a similar Umcam instrument. Readmgs 
were taken to ensure equality m optical density of tho two blanks One of the 
blanl^ was then discarded and its tube or cell ^vas filled successively with tho 
various green cholesterol solutions for estimation, Tlie other blank was read 
before and after each readmg to ensure constancy m galvanometer deflection. 
Each reading was made in duplicate for each solution. The changes m deflection 
measured on a logantlimic scale were foimd to be directly proportional to tho 
amount of cholesterol present. ICnown standards were included in every batch 
of estimations. 

The above is a modification of the method of Sperry and Brand (1943). 
Saponification of cholesterol esters was not earned out This might have 
diminished tho results by as much os 10 per cent if nil the cholesterol were 
present in ester form, smeo cholesterol esters give a slightly more mtense colour 
with acetic anhjdnde and sulphuric acid than free cholesterol (Sperry and 
Brand), however, Rossiter and his colleagues have shown that nearly all tho 
cholesterol of normal white matter is free cholesterol so that little was to be 
gamed by saponification which would have mvolved further manipulations 
with possible loss It would, of course, be of mterest to Imow what proportion 
of the cholesterol of tabetic posterior column is free cholesterol, but even if 
all the remaining cholesterol is present as esters this would only linve the effect 
of makmg the very low recorded \ alues a little lower still 

Recovery of cholesterol. The amounts of cholesterol extracted varied from 
1-5 mg. depending on the amount of tissue excised. Solutions contammg 
respectively 2 mg. and 6 mg. of cholesterol dissolved m 20 ml ethanol ether 
were refluxed for 2 hrs. and then evaporated to dryness and dissolved in 
chloroform as m the treatment of the extracts of spmal cord. Estimation 
showed these solutions to contam 1 89 and 4 7 rag. of cholesterol, representmg 
a recovery of 94*5 and 94 per cent respectively. In another experiment usmg 
2 mg. of cholesterol tho recovery was 97 per cent. 

Htstological technique. BloclvS of each spmal cord were mordanted m 
bicliromate fluoride for 6 7 days and then embedded m parafHn-wax. Sections 
wore cut and stamed for myelm by the Weigert-Pal method and by Sudan 
black. Sections were stamed for 7 mins, with a saturated solution of Sudan 
black m 70 per cent, ethanol; after washing off the stam with 70 per cent, 
ethanol the sections were mounted m glycerol-jelly. This convoment 
adaptation of Ciaccio’s method (Lison, 193G) gives a very similar picture to 
that obtained by the more lengthy Wcigert-Pal procedure; furthermore, it 
more rationally demonstrates the lipids of the mjelm sheaths Fig. 1 
shows a section of normal spmal cord stamed by Sudan black after Woigert 
mordantmg. 

Wlienpieces of spinal cord were examined after excision of the tracts, routm© 
stammg with Ehrheh^s hsematoxylm and eosm was employed to ensure that 
the grey matter was mtact In two experiments with normal spmal cords 
tho pieces remammg after excision of the tracts were examined by tho Sudan 
black procedure. Fig. 2 shows a section fromt his material which illustrates 
the method of excision. 
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Results 

Considerable diminution in stainable lipid accompanied the loss 
of myelin in tabes dorsalis. Kg. 3 is a photograph of a section of 
the tabetic cord stained by Sudan black, and fig. 4 shows the same 
tissue stained by the Weigert-Pal method. It is apparent that the 
demyelination of the posterior columns brings about a most pronounced 
loss of hpid. On the other hand, sections from all the four normal cords 
showed uniform intensity of coloration of both posterior and lateral 
columns by both methods (fig. 1), 

In tabes dorsahs a marked faU in cholesterol content accompanied 
the loss of myelin. Table I gives the results of analysis of the four 

Table I 


Cholesterol content of Jour normal spinal cords 


Bpina} cord 

Experiment 

no. 

No. of months 

2li 

fonnohsaline 

Level of piece 
of cord 
analysed 


■ 

1 m 1 

A 

1 

3 

lumbar 

0-45 




4 

6 

thoracic 

0*45 

HUH 



6 

7 


0*47 

0-46 



8 

7 

>> 

0*45 

0-53 



10 

7 


0*45 

0-64 



14 

11 

99 

0*49 

0*54 



jMean 



0*461 

0*479 

0-97 

B 

11 

0*25 

thoracic 

0*54 

0*44 

1*23 


12 

0*25 

lumbar 

0*51 

0-39 

1-30 


Mean 



0*525 

0*415 

1*26 

C 

15 

0*3 

thoracic 

1 0*01 

0-04 



16 

0*3 


0*62 

0-61 



21 

3 

99 

0*56 

o-r)2 



22 

3 

lumbar 

0*59 

0-46 



Mean 



0-595 

0-557 

■nil 

D 

1 

19 

0*5 

thoracic 

0-5G 

0*66 

0*85 


i 20 

0*5 


0-C2 

0-63 

0-98 


^ 23 

3 


0-44 

0-52 

0*87 


24 

3 


0-52 

0-45 

1*16 


I^Iean 



0-53o 

0*565 

0*90 


Each experiment refers to analysis of posterior and lateral columns excised from 
a piece of cord 1-2 cm. long. 

P represents mg. cholesterol/mg. fat-freo drj' rveight of posterior column. 

L. represents mg. cliolestero!/mg. fat-free dry voight of lateral column. 

normal spinal cords A, B, C and D. The mean amounts of cholesterol 
in the posterior columns were respectively 0'46, 0’52, 0'59 an 
0-53 mg./mg. fat-free dry weight. In the tabetic cord (see table II) 
the cholesterol content was constantly much lower, averaging 0 - 
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Plate LXXXV 


CnOLr&TFROL COVTEVr OP TABETIC SPINAL CORD 



Fio I —N’ormnl spinal cord from case C Sudan 
black X 6 


Fio 2 —Normal spinal cord from case C 
after excision of tracts for analysis 
Sudan black X 0 







Fid 3 —^Tabetic spinal cord from case E Sudan black x C 



Fio 4 —^Tabetic spinal cord from case E This section Nvas from 
tbe same block as fij; 3 Weigert Pal x G, 
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mg./mg. fat-frco dry weight. The cholesterol contents of the lateral 
columns averaged 0*4S, 0*41, 0*5G and 0‘5G mg./mg. fat-free dry 
weight respectively for the same four normal spinal cords, and 
0'37 mg./mg. fat-freo dry weight for the tabetic cord. 

Unfortunately, only one tabetic cord was available. However, the 
highly consistent diminution of cholesterol content of all the samples 
of the posterior columns of the tabetic cord, to less than one half of 
the values found for the posterior columns of the normal cords 
(tables I and II), justifies tlio conclusion that the change is a significant 


Table II 

Chole^i'e.rol content of faben'c spx7ial cord 


Sjilnal Coid 

F\perJmcnt 

HO 

No of inoiith'^ 
in 

formol ■aline 

Level of piece 
of COT<l 
anah ic(\ 

r 

B 

r/L 

E 

O 

3 

lumbar 

0 20 

0 36 

0 GG 


3 

6 

thoracic 

0 21 

0 30 

0 58 


5 

7 


0 20 

0 35 

0 57 


7 

7 


0 22 

0 40 

0 55 


9 

8 


1 0 22 

0 37 

0 59 


13 

U 


0 22 

0 30 

0 56 


17 

13 


0 21 

0 40 

0 53 


18 

13 

cervical 

0 15 

0 35 

0 43 


Sletin 



0 204 

0 372 

0 55 


Each expenment refers to analysis of posterior and lateral columns excised from 
a piece of cord 1 2 cm long 

P represents mg cholesterol/mg fat free dry -weight of posterior column 
Ij represents mg cholesterol/mg fat free dry -weight of lateral column. 

chemical concomitant of tho loss of myelin. The figures suggest that 
there may he also a shght fall m cholesterol content of tho lateral 
columns m tabes but the figures are more variable and the difference 
is much less pronounced than m the posterior columns. 

Tho ratio of tho cholesterol content of the posterior column to the 
cholesterol content of the lateral column (P/L ratio) boars out this 
conclusion (tables I and II). Dual samples from posterior and lateral 
columns wore always analysed simultaneously and thus the use of 
tho ratio ehminatos any errors due to slight day-to-day variation in 
technique. The P/L ratio for normal cords (16 dual samples from 
4 cords) varied from 0-83 to 1-30, the over-all mean being 1-035. In 
tabetic cord (8 dual samples from 1 cord) the value of P/L was 0-43- 
0-59 with an average of 0 55. IMr N, T. J. Bailey has kindly examined 
tho P/L values by statistical methods and finds that among the four 
normal cords A, B, C, U the variation behoeen cords is no greater than 
the variation within cords. Thus the IG values of P/L can be regarded 
as a homogeneous group. Tho one tabetic cord E shows much less 
variation (in fact a little more than 1/10 of the normal) among its 
8 values of P/L. In order to attempt a comparison between the single 
tabetic cord and the normal cords we might assume that the variation 
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between different severelj^ tabetic cords is no greater than the variation 
in normal cords. Thus comparing the tabetic mean (0-55), regarded 
as a single observation, with the mean of the 16 normal cords (1-035), 
the tabetic average is significantly lower than tlie normal average 
(P< 1 per cent.). ^ 

It might be lield that diminution in the cholesterol content of the 
posterior columns in tabes, expressed on the basis of fat-free dry 
weight, results from increase in the fat-free dry weight owing to 
replacement of myehn by ghal tissue, without any absolute decrease 
in cholesterol. It is, however, extremely improbable that the fat-free 
dry weight of the posterior columns could be increased in tabes when 
there is at the same time such pronounced wasting of these tracts. 
To test this point further, we have measured the cholesterol content 
and the fat-free drjr weight of the entire posterior columns of pieces 
of normal and tabetic cord, each 1 -0 cm. in length. The whole posterior 
columns were excised from two cylindrical pieces of mid-thoracic 
cord, each 1-0 cm. in length, taken from cord A (normal) and cord E 
(tabetic) ; the complete tracts were readily gouged out with a U-shaped 
incision aided by spontaneous fission along the posterior horns and the 
commissure of the grey matter. At this level of the spinal cord the 
grey matter is extremely scanty, so that the quantity of grey matter 
included in the excised pieces w^ould be negligible. The fat-freo dry 
weight of the entire posterior columns from each 1-0 cm. length of 
cord was 15-5 mg. for cord A (normal) and 8-3 mg. for cord E (tabetic). 
The cholesterol content expressed in mg./mg. fat-free dry weight was 
0-46 for the normal posterior columns and 0-17 for the tabetic posterior 
columns, while expressed in mg./cm. of whole posterior columns, the 
cholesterol values were respectively 6-8 for the normal cord and 
1 -45 for the tabetic cord. Thus the fraction of the cholesterol lost in 
tabes for each 1-0 cm. length of entire posterior columns is considerably 
greater than the fraction lost per mg. fat-free dry weight, ovnng to 
the fall in fat-free dry weight of the whole tabetic posterior columns. 

It is therefore clear that the low values for cholesterol content 
of the posterior columns observed in this severe case of tabes dorsalis, 
when expressed in mg./mg. fat-free dry weight, give an extremely 
conservative estimate of the loss of cholesterol. That these values 
are indeed so low in comparison with those for normal posterior columns 
and also as compared with the values for tabetic lateral columns, 
emphasises the magnitude of the loss of cholesterol from the posterior 
columns ijii tabes. This profound loss of cholesterol thus reflects the 
outstanding histological and histochemical features of the disease. 


SmnuABY 

1. Samples of the posterior columns of a tabetic spinal cord 
contained consistently less than one half the cholesterol found in 
similar samples from four normal spinal cords. 
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2. Tlio amounts of cholesterol in both posterior and lateral columns 
in each of IG cylindrical pieces of normal spinal cord were determined. 
The mean ratios of the cholesterol contents of posterior to lateral 
columns averaged 1*035. The same ratio averaged 0-55 for 8 similar 
cylindrical pieces of a tabetic cord. 

We are grateful to Professor H. B. Dean, for his interest in this %vork and 
to Dr A. M. Barrett and his staff for their helpful co-operation in providing us 
with material. ISIr N. T. J. Bailey, Statistician to the Department of jMedicme, 
has given us valuable advice on the results, and provided the statistical analysis. 
We also wish to thank ^Ir D. l^Iadm for his competent technical assistance and 
Mr S. Patman for the photomicrography. 
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6 i 6 —oo 6 . 34 . 04 : 599 . 812 . 2 (Lemur catta) 

A SARCOBIA OF BONE IN A KING-TAILED 
LEivrUR (LEMUR CATTA) 

R. Waetvick 

Anatomy Department, Manchester Uniceraity 

(Pistes LXXX-VT-LXXXVni) 

The animal wliich is the subject of this report, a female lemur {Lemur 
catta), was on exhibition in the Zoological Gardens, Belle Vue, 
Manchester. The advice and help of this; department was soxight 
on account of a' largo and chronic swelling of the animaVs left wrist. 
It was soon evident that the mass was a neoplasm of some kind, and 
it proved to be an osteosarcoma. 

Box (1923), in a series of 53G5 autopsies on mammals and birds 
in the Pliiladelphia Zoological Gardens, encountered only 94 neoplasms, 
\ of w’hich, a papillary adenoma of the prostate, occurred in a lemur. 
In an eaxHer series, Box (1912-13) had seen no tumouxs at autopsies 
on 328 primates and 60 lemurs. Ratcliffe (1933) extended the Phila¬ 
delphia records up to 1932, incorporating the earlier reports of Box 
(1923). Including lemurs, 1555 primates in all were examined after 
death and 11 tumours were observed. Only one of those reported 
by Ratcliffe (1930) was derived from bone, a giant-cell tumour in a 
chacma baboon {Papio porcarius). Ratcliffe draws attention to the 
rarity of bone tumours in captive wild animals as a whole. Wlnto 
and Box (1910) recorded an osteochondroma in a cat. The Annual 
Reports of the Pathologist of the London Zoological Society indicate 
a very low incidence of neoplastic disease. Plimraer (1910) reported 
a renal sarcoma in a lemur, and Scott (1926) discovered multiple 
hydatid cysts in the lungs of another specimen {Lemur catta), but 
nothing resembling the neoplasm recorded hero appears to have been 
recorded in a lemur, nor, indeed in any primate. 

Case report 

The animal reached Belle Vue Gardens in September 1946, when 
its age was estimated at approximately 18 months. It remained 
active and in good health until June 1949, when a small double 
swelling was noted on the dorsum of the left carpus. This was at first 
considered to be an abscess. It remained stationary in size for some 
months and appeared to interfere little with the animal’s actirities. 
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During April 1950, about 10 months after its appearance, the tumour 
was noted to be enlarging rapidly, A further period of .growth was 
noted in July 1950, and by this time it had become large and heavy 
enough to impede movements. The lemur was also seen to be feeding 
poorly, suggesting some effect upon her general health. By September 
1960, the tumom had become so enormous and the animal so miserable 
that it was transferred to this department for examination and, if 
practicable, operation. 

When first seen the lemur was docile, inactive, sluggish in move¬ 
ment, and had completely lost the lively and acrobatic behaviour 
typical of its kind. It moved only when necessary, obviously finding 
the mass on its left forearm a great embarrassment, which was hardly 
surprising in view of the tumour's weight (250 g.) compared with that 
of the animal (2-22 kg.). The left manus was kept tightly clenched 
and was not used for grasping. In walliing the creature’s weight 
was rested upon the dorsum of the tumour, a practice which had 
created an area of excoriation. Appetite was capricious, and the 
lemur wlaimpered frequently, as if in almost continuous pain or 
discomfort. 

The appearance of the tumour is shown in fig. 1. The mass 
surrounded the lower forearm, carpus, and partially the metacarpus, 
the remaining part of the hand appearing as an excrescence upon 
the distal aspect of the tumour. On palpation the mass was very 
firm, slightly elastic, and contained in its dorsal part an irregular area 
of bony hardness. The skin was tense and excoriated from a circular 
area on the dorsum of the tumour. The whole mass was slightly 
mobile. It appeared to be limited to the lower forearm and carpus. 
No secondary tumours were detected in the axiUa or elsewhere by 
palpation. 

In X-ray photographs the density of the neoplasm obscured the 
bones involved within it, but comparison with the normal limb 
suggested changes in the radius, ulna and carpus (fig. 2), There was 
no radiological evidence of metastasis, 

A provisional diagnosis of osteochrondroma or osteosarcoma was 
made. In view of the absence of metastases, and to satisfy all those 
interested that no trial had been rejected to save the limb, it was 
decided to explore the tumour. This was done by Mr A. B. Williams, 
under light intravenous nembutal anaesthesia. The mass ensheathed 
the bones and soft tissues of the lower half of the forearm, the entire 
carpus, and proximal metacarpus. It was continuous ^vitll these 
bones, and the forearm flexors and extensors disappeared into its 
depths. The bulk of the tumour was clipped away leaving the bones 
and muscles intact as far as possible. This procedure left portions 
of the tumour tissue in the distal part of the interosseous space and 
carpus, the constituent elements of which were partially obscured. 
Owing to this disorganisation of the carpus the hand could be moved 
en masse from side to side relative to the forearm. It was obvious 
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Osteosaucoma rv a ixmlti 



Fig 1 —^Anterior nspcct of the twmotir «liieh engulfs the lower forearm and carpus 
the manus projecting beyond the mass The s! in of the palm is stretched and 
ehining 
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FiO 2—Rtidiogrnph of the neoplami in silu shovvmg even den^^itv except over the 
dorsum of the carpus where a denser area of bone formation is v isible The hand 
IS superimposed upon the tumour 



Fio 3 —Radiognph after resection of the hulk of the tumour sliouing disorganisation 
of the carpus and im asion of the lower end of the radius 
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Osteosaucoma iv a lemuh 



Fig. 4,- —Cut surface after bisection of the neoplasm showing superficial blood cjsts 
at peripherj’’, a central area of bone and the main mass of non-cnlcified osteoid 
tissue, c, natural size. 



Fio. 5 —Photomicrograph of an area of tumour tissue, 
Hjcmnlum and eosin. x 125. 
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that further resection, if sufficiently radical, would mutilate the 
extremity beyond hope of any functional result, and therefore a 
lethal dose of nembutal was administered before recovery from the 
ansesthctic 

Autopsy confirmed the mvolvement of the bones of the left fore^ 
ovtremitj A radiograph showed disorganisaton of the carpus and 
im asion of the lower end of the radius (fig 3) No secondary tumours 
were found and the lymph nodes of the left axilla were not involved 
X-ray photograplis of the extupated tumour showed an area of diffuse 
calcification near its centre, but none at the periphery On section 
the mam mass of the tumour consisted of non-calcified osteoid tissue 
with a central area of bone (fig 4). 

Tho following report upon the histology of the tumour was supphed 
b}’’ Professor vS L Baker 

Osteosarcoma Sections show a tumour composed mainly of non- 
calcified osteoid tissue arranged as a spongework of closely-packed 
irregular trabeculco The spaces botw een the trabeculse contain vessels, 
osteoblastic cells and a fair number of multmucleated osteoclasts 
The osteoblastic tissue shows cytological ovidenco of mahgnancy 
and the osteoid tissue shows a much greater cell content than normal 
The general appearances are similar to those seen m some human 
bone sarcomas (fig 5) 

SrrarMAKY 

An osteosarcoma mvolvmg the radius and carpus was found in a 
lemur (L catta) from the Belle Vuo Zoological Gardens at Manchester 
No secondaries were detected chnically or radiologically An attempt 
was made to remove the neoplasm, but it was seen that amputation 
would have been necessary, and the lemur was destrojed by an 
overdose of anresthctic Autopsy and microscopic examination of 
the tumour confirmed the diagnosis of osteosarcoma. 

The author is indehted to Professor GAG Jlitchell for lua interest and 
help, to Professor John Storley for his surgical advice, to Mr A F Williams for 
attempting removal of tho neoplasm, and to Professor S L Baker for his 
pathological report Jlr Gerald lies, Superintendent of the Belle Vue Zoological 
Gardens, kmdly pemiittod him to make this report and furnished tho details 
of the nmmal s history Thanl^5 are duo to Mr P Howarth and Sir F L Newell 
for the photographs and radiographs 
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lTYX(ET)miA: AN AUTOPSY PEPOPT WITH HISTO- 
CHEI\IICAL OBSERVATIONS ON THE NATURE 
OF THE IVIUCOII) INFILTRATIONS 

Douglas B. Brewtr 

From the Department of Pathology, University of Birmingham 

(Plates LXXXIX and XC) 

Since the Report of the Committeo of the Clinical Society of London 
on myxoedema puhUshed in 1888 there have been few reports of 
autopsies on untreated cases of myxcedema probably because treat¬ 
ment of the disease with thyroid extract was introduced by G. R. 
Murray of Manchester in 1891. 

Means (1948) reviewing the experience of the Thyroid Clinic of 
the Massachusetts General Hospital could report records of only 
9 post-mortem examinations on cases of myxoedema in 30 years and 
only 3 of these were on untreated cases. During this time 600 cases 
of myxoedema had passed through the clinic. Most of the published 
reports are of single cases, many of them treated. The outstanding 
exception is the paper by Bastenio (1944) giving an account of 10 
untreated cases. 

As a consequence of this paucity of anatomical material there are 
still many unanswered problems regarding the disease. The present 
study was directed particularly to the nature of the so-called mucoid 
infiltrations and the changes in the myocardium. 

Clinioal history 

The patient was a man of 66 ’who, for 10 years, had suffered from 'wealmess, 
lethargy, breathlessness and constipation. Clinically he presented the picture 
of an obvious, advanced case of myxcedema. 

Tlio basal metabolic rate was mmus 34 per cent. Tlie serum cholesterol was 
400 mg. per 100 ml., the total serum proteins 7-25 g. per 100 ml. and serum 
albumin 5*2 g. per 100 ml. The electrocardiogram showed sinus rhythm 
with a rate of 63 per min., ventricular extra-systoles and left ventricular 
preponderance. 

The patient was given thyroideura (B.P.) gr. 4 t.d.s. for one day. Early 
the next morning he suddenly collapsed and died in a manner suggesting 
coronary tlirombosis. 

Post-mortem findings 

The body was that of a pale obese man with a protuberant abdomen. 
Both hands and feet were slightly swollen. There was only slight 
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loss of hair on the eyebrows. Both eyes showed a mild purulent 
conjunctivitis. There was oedema of the subcutaneous and retro¬ 
peritoneal tissues and slight subperitoneal oedema showing especially 
over the stomach. The oedema fluid was clear and was not easily 
expressed from the tissues. There were moderate bilateral pleural 
effusions and a pericardial effusion, all of clear yellow fluid. 

The heart was enlarged (wt. 600 g.) mainly owing to marked left 
ventricular hypertrophy. The tricuspid, pulmonarj^ and mitral valves 
were normal but the aortic valve showed marked calcification of all 
its cusps. The coronary arteries showed patchy atheroma; there 
was no occlusion. The aorta showed moderately severe, but rather 
patchy, atheroma throughout its length and in its main branches. 

The thyroid was small (wt. 20 g.) with thin fibrotic lateral lobes 
in which were scattered a few small nodules of surviving thyroid 
parenchyma. The adrenals (combined wt. 15 g.) and pituitary were 
macroscopically normal. The thymus was almost completely atrophied 
to fatty tissue. 

The tongue was large but its epithelial covering appeared normal. 
The oesophagus was normal. The stomach had a number of raised 
circular patches in the mucosa, 0-5-1 cm. in diameter, most numerous 
along the lesser curve. The small intestine was normal. The pelvic 
colon appeared longer than normal and was folded sharply on itself 
several times. The liver (wt. 2500 g.), gall bladder and pancreas were 
normal and the spleen (150 g.) showed slight lymphoid hj^Dcrplasia. 

The epiglottis and larynx were slightly oedematous. The trachea 
and main bronchi were normal. There was atrophic emphysema of 
the lungs with congested lower lobes and a small calcified scar at the 
apex of the left lung. 

The genito-urinary system was normal except for small bilateral 
hydroceles. 

The cerebral vessels showed severe atheroma in the form of numerous 
closely set discrete nodules especially along the basilar artery. The 
brain and meninges were normal. 

Histology 

There was very sHght patchy increase in fibrous tissue in the 
cardiac muscle but the fibres generally were not more separated than 
normal. In a few fibres the central area was replaced by a slightly 
granular amorphous mass of faintly basophihc material which replaced 
the sarcoplasm in the centre of the fibre and extended along its length 
being bounded on either side by a thin band of normal sarcoplasm 
(fig. 1). The deposits occurred in varying relationship to the nucleus 
and occasionally extended along a branching connection from one 
fibre to the next. 

The epithehum of the tongue was shghtly thickened and the sub- 
epithehal tissues showed a mild lymphocytic infiltration. Between 
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Mucoid l^^ILTnATlo^<^ in m\'vcedcma 



Fill 1 —'Alumul lufiltnition of ti ranlinf 
mu‘^{ 1o r \and otlitol jica Krcen 

Oranpo liltcr 2n(t 



1* «< I —Tl>o ptriphorv of tho ami of mufoul 

mtiUrntjon )n the ton^no f ontrol section 
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blue Orton filter x 100 
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this layer and the muscles of the tongue there was a broad band of 
mucoid infiltration \ying parallel to the surface (fig. 2). It stained 
deeply %nth h?ematosyUn. The muscles of the tongue showed separa¬ 
tion of the bundles and of the fibres, but the fibres themselves were 
normal and showed no mucoid infiltration. The fibres of the psoas 
muscle were widely separated by oedema but were not infiltrated with 
mucoid substance. 

There was moderate atrophy of the epidermis. The superficial 
dermis showed a slight diffuse infiltration with a faintly basophilic 
mucoid substance. 

There wns no normal thyroid tissue. It w'as replaced by dense 
fibrous tissue in which wore cellular islands made up mainly of densely 
packed lymphocytes with a fow^ small thyi’oid acini scattered among 
them. The adrenal cortex w'as thinned. There was no sharply defined 
zona glomerulosa and in places the zona fasciculata appeared to 
extend right up to the capsule. One small encapsulated nodule and 
several partlj’’ encapsulated ones were present in the cortex. Both 
eosinophil and basophil cells of tho pituitary were considerably reduced. 
They were replaced by abnormal large chromophobe cells which wore 
mainly columnar in t 5 ^o. They w'cre closely set and arranged in 
small solid acini or very occasionally in short, sometimes branched, 
trabecula;. Scattered throughout tho pars anterior were a number of 
calcified spherules ; some w'ere laminated and several were surrounded 
by a ring of abnormal chromophobe cells. 

The seminiferous tubules were more widely separated than normal 
and both spermatogenesis and the number of interstitial cells wore 
markedl 3 ^ reduced. There was moderate post-mortem autolysis of 
the epithelium of tho prostate but no mucoid degeneration of tho 
muscle fibres. 

jMild pseudomelanosis was present in tho mucosa of tho colon. 
No mucoid infiltration of tho submucosa or the muscle coat was found 
in the colon or the stomach. The splenic pulp was congested and 
there was some hyaline tliickening of arterioles. Tho lungs were 
cedematous with a few' small areas of early bronchopneumonia. Only 
slight centrilobular congestion was seen in the liver. In tho Icidneys 
a few glomeruli were hyalinised and a small amount of albuminous 
material w'as present in the proximal convoluted tubules. 


HiSTOCHEMICAIj OnSEBVATIOTSfS 

The mucoid infiltrations in the heart and tongue w’ere investigated 
using the following techniques on paraffin sections :— 

(a) Staining 'with Schiff’s reagent after oxidation 'with 0-1 per cent, 
periodic acid (McManus, 1948). The sections 'W'ere counter- 
stained with edicol pea-green. This method is referred 
to as the P.A.S. method. 
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Mucoid intiltratioks iv myxcedejia 



FlO- 5.—E<Ige of umbilical cord. Control 
section incubated m ealino for 24 hours. 
Tohiidmo blue. Green filter, x 400. 



Fio. 7.—Bronchial cartilage. Control section 
incubated m buffer solution only for 4 
hours. Toluidino bluo. Magenta filter. 
X48. 



Fio. G.—Adjacent section to that in fig 5. 
Incubated ith hynhironidaso for 24 
hours. Tohudino blue. Green filter. 
X400. 


Fro. 8. — Bronchia! cartilage. Incubated 
uith diastase for 4 hours. Tolmdme 
blue. Magenta filter, x48. 
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hyaluronidase The metachroma tic staining of the mterstitial 
substance of the umbilical cord (figs 6 and 6) and of the substantia 
propria of the cornea was almost completely abohshed by incubation 
with hyaluronidase 

Lilhe (1949) reported that the strong metachromatic reaction of 
cartilage was abohshed by exposure to the action of the enzyme 
diastase, hut that the cartilage still stained with the PAS method 
This observation has been confirmed (figs 7 and 8) and it was found 
that the enzyme did not alter the metachromatic stainmg properties 
of the mucoid infiltration m the tongue 

The stainuig reactions of the myxoedematous infiltration and of 
the normal control tissues are summarised m the table 

Table 

Staining reactions of myxaedematous and normal tissues 



PAS 

Meta 

chromasia 

with 

totuldine 

blue 

Most acid 
; H of 
metl ylene 

1 lae uptaV.c 

EITect of i 1 aiuronl 
daso on “itaining 
reactions 

r JTcct of diastase 
on stainins reaction 

Umbilical cord interstitial 

+ 

+ 

5 

Metacliromasia 


tissue 




destroyed 


Bronchial cartilage 

-h 

+ 

pH 2 5 

Unchanged 

Metachromasia 



^jH 3 


destroyed 

Bronchial mucin 

-h 

-f 



Large boirel mucin , 

-h 

+ 

pH 3 



Submaxillarj gland mucin 

-f 

+ 

pH 5 

Metachromasm 


Cornea substantia propria | 

+ 

+ 

pH 5 


much reduced 

Myxendematous mfiltration 






in (a) Skm 


+ 

1 


1 

(6) Tongue 

-f 


, pH 2 5 

Metacliromasia 

Metachromasia 



pH G 

shghtly reduced 

1 Unchanged 

(c) Heart 

+ 

— 

Staining i\ith 

Staining ivith 

1 



PAS unchanged 

PAS unchanged 

i 


Sections of the tongue, heart and skm were also stained with 
Southgate^s mucicarmme The infiltrations m the dermis and tongue 
stamed but not those m the heart muscle 

Thus there are two distmct histochenucal types of mucoid mfiltra 
tions m the tissues of this case of myxeedema The mucoid deposit 
in the muscle fibres of the heart stains shghtly with Ehrlich’s haema- 
toxyhn and stains by the PAS method but does not stain meta- 
chromatically with toluidme blue and does not take up methylene 
blue at a more acid pH than 5 It still stains with PAS. after 
exposure to the action of ptyalm of sahva, diastase and hyaluronidase 
but it gives a negative Eeulgen reaction and does not stam with 
mucicarmme or Sudan black B The deposit m the tongue stains 
deeply with hsematoxyhn and stains with PAS , it is strongly meta¬ 
chromatic and strongly acid, talong up methylene blue at pH 2 5, 
and the metachromatic stammg of the periphery of the infiltration 
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is reduced by byaluronidase, but unlike cartilage is not affected by 
diastase. The injSltration of the myocardium is thus a weakly acid 
mucoprotein, whilst that in the tongue is probably a mixture of 
hyaluronic acid and a strongly acid polysaccharide resembling ^hon- 
droitin sulphuric acid. 

The deposits in the sldn stain with P.A.S., stain metachromatically 
with toluidine blue and stain with mucicarmine. 

Discussiok 

The nature of the mucoid infiltration and its relation 
to the oedema 

In 1878 Ord pubhshed the results of chemical investigations done 
for him by Charles on the tissues of a case of myxoedema, showing, 
he claimed, that there was 50 times more mucin in the sldn than in 
normal skin. This increase in mucin led him to propose the name of 
myxoedema. Similar results were reported by Victor Horsley (1885) 
in monkeys rendered myxcedematous by experimental removal of the 
thyroid. 

The Committee on Myxoedema of the Clinical Society of London 
was unable to find more than a sHght increase in the mucin content 
of the myxcedematous tissues as compared with normal. Since then 
there has been no further efibrt to resolve this conflict of view and 
I could find no record of any modern investigation into the chemical 
nature of the infiltrations in generahsed myxoedema associated with 
thyroid atrophy. In pretibial myxoedema^ however, Watson (1946) 
and Watson and Pearce (1949) found approximately three times as 
much hyaluronic acid and twice as much chondroitin sulphuric acid 
in the skin as is normally present. 

From the histochemical observations here reported it is likely 
that the infiltrations in the skin in generalised myxoedema are 
essentially similar in type to those in pretibial myxoedema. Un- 
fortimately, the present observations on the infiltrations of the dermis 
were incomplete owing to the small amoimt of mucoid infiltration 
present and the inconstant presence of the infiltration from section 
to section. However, histochemical examination of the skin in 
myxoedema is of doubtful value as hyaluronic acid is a normal 
constituent of sldn (Wislocki, Bunting and Dempsey, 1947 ; Watson 
and Pearce, 1949). The tests would almost certainly have to be 
quantitative. 

The swelling of the tissues seen in advanced myxoedema difiers 
from ordinary oedema in several ways. As shown by Byrom (1933-34) 
there is an increase in extracellular fluid which contains an abnormal 
accumulation of protein. The swelling does not pit on pressure and 
at autopsy, as noted by Ord (1878), the swollen and apparently 
oedematous tissue retains its fluid even when cut up into small pieces. 
Byrom suggested that the extracellular extravascular accumulation 
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of protein, although of a large molecular weight, exerted sufficient 
colloid osmotic pressure to oppose that of the plasma proteins and 
so increased the mterstitial fluid, but this theory does not account for 
the apparent immobihty of the mcreased interstitial fluid It seems 
probable that the abnormal cxtravascular protem is conjugated with 
hyaluromc acid and chondroitm sulphuric acid or some other strongly 
acid mucopolysaccharide Such conjugates would probably be of 
too largo a molecular weight to exert an effective osmotic pressure 
but they form hydrophihc suspensoids and are able to attract water 
very strongly Such water becomes firmly bound, probably by 
hy^ogen bond formation, to the hydrophilic groups in the molecule, 
especially to the polar groups (Bull, 1943), and so the strongly acid 
mucoprotem would ho especially active If the suspensoid is in the 
form of a gel this mechamsm causmg an increase in interstitial fluid 
accounts for the firm non-pittmg nature of the swelhng When the 
mucoprotem is broken down under the influence of thyroxmo, as 
Byrom showed, the mterstitial fluid is freed, a rapid diuresis results 
and the sw^ellmgs disappear 

An analogous condition develops m the swellmg of the sexual gkm 
of Rhesus monkeys Here, too, infiltration of the skm contains a 
mucoprotem which appears and disappears with the oedema Ogston 
et al (1939) considered that the most important factor was the presence 
m the tissues of fairly high concentrations of protem resemblmg plasma 
proteins, but Cham and Buthie (1940) showed that the mucin isolated 
from the swollen sexual skm of the monkey was broken down by 
hyaluromdase Recently Buran Reynals et al (1950) reported that 
local collapse of the sw oUen sexual skin of the monkey resulted from 
mjectmg hyaluromdase This suggests that the mucoprotem attracts 
and retams water and that the mechanism of the swelhng of the 
sexual skm of the monkey is similar to that suggested for the swelhng 
of the tissues in myxoedema 

The mitcoid infiltration of the myocardium 

Smee 1918, when Zondek desenbed the chnical entity of “myx¬ 
oedema heart ”, there have been many papers describing the histological 
changes found They include myoeaidial fibrosis (Higgins, 1936), 
vacuoiation of the muscle fibres (La Due, 1943 , Means, 1948), inter¬ 
stitial oedema (Bastenie, 1944, Means, 1948) and other unspecified 
nuclear and cytoplasmic changes, with, m one case, true myxoedematous 
mterstitial mfiltration (Bastenie, 1944) Several papers, however, 
describe mucoid infiltration of the striated and non striated muscle 
fibres and of the fibres of the myocardium as found m the present case 

In 1906 IMarohand described basopluhc deposits around the nuclei 
of the muscle fibres Schultz (1921) showed that the mucoid deposits 
m the muscles of a cretin were not metachromatic and he suggested 
that they were chromatm that had escaped from the nuclei This 
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suggestion was refuted by Dietrich (1940-41) who described deposits 
in the myocardium and skeletal muscles of a case of polyglandular 
dysfunction. He showed that they were Feulgen negative, Poster 
and Barr (1944) described widespread infiltrations in the muscles of 
a woman who had suffered from myxoedema for 12 years and suggested 
that the basophilic material was a form of mucoid, Doerr and 
Holldack (1947-48) reported a case of myxcedema of some years^ 
standing showing very numerous areas of basophilic degeneration of the 
myocardium. They suggested that as these areas were so numerous 
they were to be considered as being the histological characteristic of 
myxoedema heart. 

Basophilic degeneration of muscle fibres has not been produced 
experimentally in animals by thyroidectomy (Bensen, 1902 ; Tatum, 
1913 ; Webster and Cooke, 1936) but it has been found by several 
observers in a large proportion of normal human hearts. Thus 
Haumeder (1935) found it in 107 of 302 hearts. These findings have been 
confirmed by Liebegott (1936-37) and Umeda (1940-41). Liebegott 
found the infiltrations in 21 of 50 hearts and Umeda in 117 of 145 
hearts. The deposits occun^ed without obvious relationship to age 
or disease. Their relationship to myxoedema was made clear by 
Fisher and MuUigan (1943) who counted the number of infiltrations 
in measured areas of hearts from myxoedematous and non-myx- 
oedematous patients. The lesions were present in 67 of 142 control 
cases ; in 56 cases less than 5 fibres being affected, the remaining 
11 cases showing an average of 7-7 affected fibres. Eight cases of 
atrophy of the thyroid showed an average of 40-5 affected fibres. 
Thus, although the presence of a few areas of basophilic degeneration 
is of no significance, these areas are extremely numerous in myxoedema, 
and the great increase in their numbers constitutes the histological 
characteristic of the myxoedema heart. 


The changes in other organs 

Ceelen (1921) and Bastenie (1944) described narrowing of the 
cortex of the adrenal with some loss of the zona glomerulosa and 
nodule formation in the remaining cortex. These changes are identical 
with the so-caUed senile involution which the adrenal cortex 
normally undergoes at about the fiftieth year of life (Aschoff, 1924) 
and their significance therefore is very doubtful, but they deserve 
further study as there is a good deal of experimental evidence, reviewed 
by Zarrow and Money (1949), for a complementary relationship 
between the thyroid and the adrenal. 

Bastenie (1946), in particular, has laid considerable stress on the 
changes in the colon producing severe constipation and abdominal 
distension. Although in the present case the colon was distended and 
elongated, there was no histological evidence of the mucoid infiltration 
described by him. The reduction in the eosinophil and basophil cells 
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in the pituitary and an increase in the number of chromophobe cells, 
many of which are abnormally largo, agree ^vlth the findings of 
Bastemo The changes m the testes are those previously described 
in niyxoedema (Marme, 1939) but their interpretation is open to 
question oiving to the age of the patient Previous cases with testicular 
changes have been of about the same ago 


Suiumahy 

1 A report is given of the post mortem examination of a virtually 
untreated case of myxoedema 

2 Histochemical studies were made of the mucoid infiltrations 
of the slan, tongue, and myocardium It was concluded that the 
infiltration m the tongue was probably a mixture of mu coproterns 
contaimng hyaluromc acid and chondroitm sulphuric acid whereas 
the infiltrations of the myocardium consisted of a histochemically 
distinct mucoprotein 

3 The relation of the mucoid infiltrations to the increased inter¬ 
stitial flmd found m myxoedema is discussed and the possibility of 
bmding of water in the form of a hydrophihc suspcnsoid by the 
mucoprotein is suggested 

4 The pathology of ” myxoedema heart ” and its relation to the 
so called basophilic degeneration of the myocardium is discussed 

5 The findings m the other organs are bnefly considered 
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gift of n sample of h> aluronidase prepared hy tho method of Preeraan ct al , 
Dr W St C SjTnmers and Dr K X^alteris for valuable help with the German 
papers, and Dr O Brenner for permission to publish the case report 
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THE MAST CELLS IN URTICARIA PIGMENTOSA 


J M Drenkan 

From the Pathology Department, The Queen's University of Belfast 
(Plates XCI and XGII) 

The modem view that the mast cells secrete heparm (Holmgren and 
Wilander, 1937 , Wilander, 1938) has been strongly supported by 
recent work on the mast cells m various ammal species (Oliver, Bloom 
and Mangieri, 1947 , PafF, Bloom and Beilly, 1947 , Julen, Snellman 
and Sylven, 1949-50) as well as m man (Ehnch, Seifber, Alburn and 
Begany, 1949) and is now widely accepted (Jorpes, 1947) 

Much remams to be learnt however, about the actual mechanism 
of secretion, and for the study of this problem the s kin lesions of 
urticaria pigmentosa provide excellent material They are composed 
of tumour like collections of mast cells (Unna, 1896), which have been 
regarded either as congenital anomahes akin to naevi (Little, 1906 , 
Neisser, quoted by Little, Engman m discussion of HartzeU, 
1917 , Heimann, 1917 , Sezary, 1936) or as foci of a mast cell reticulosis 
(Cazal, 1942) In either event the mdividual mast cells are 
mdistmguishable from the normal variety, and may be expected to 
display a normal activity perhaps accelerated by the disease process 
(Schafer, 1927) The accessibihty of the skm lesions, the visible 
changes they undergo, and the ease with which these may be controlled 
are additional advantages to commend the use of this tissue 

The present study of a t3rpical case of urticaria pigmentosa has 
been undertaken both to confirm that the mast cells in man function 
as ** heparinocytes (Ehrstrom, quoted by Jorpes, 1946) and to 
mvestigate the process of secretion For this purpose the tram of 
events which follows mechamcal irritation of the lesions has been 
studied in serial biopsies with the aid of histo chemical methods 
capable of domonstratmg compounds of heparm type 

Materials and methods 

A preliminary experiment was first carried out to determme the stammg 
reactions of mast cells in normal tissues to the histoehermcal methods which 
it was proposed to use m the mam mvestigation Both human and rat tissues 
were exammed The human tissues selected were tongue, where mast cells are 
normally plentiful (Williams, 1900), and oesophagus, where they can be identified 
readily by their proximity to the large veins in the submucosa The specimens 
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were removed within two hours after death to ensure good preservation of the 
mast cells, fixed overnight in 80 per cent, alcohol and embedded in paraffin. 
The sections were stained first by the periodic acid-Schiff’s reagent method 
(MclVIanus, 1946 y Idotchkiss, 1948) and the stained mast cells counted, after 
which the coverslips were removed, alcoholic toluidine blue applied as a counter¬ 
stain and the mast cells coimted a second time. The results are shown in the 
table. 

The rat tissue chosen for examination was obtained from the prepuce, 
Imown to be rich in mast cells (jMontagna and ^N^oback, 1946), and was removed 
from a healthy adult female rat immediately after death by exsanguination 
under ether anaesthesia in the course of another experiment. The specimen 
was treated in the same way as the previous tissues and the result is illustrated 
in figs. 1 and 2. 

The case of urticaria pigmentosa was a typical example of the disease in a 
boy aged twelve. Biopsy specimens of the characteristic pigmented macules 
were taken during an active phase of the disease when general dermographism 
was present and the swelling of the lesions themselves could be provoked with 
ease. The local anesthetic (1 per cent. Novocaine) was injected well away 
from, and deeply beneath, the selected lesions. The first specimen was an 
xmstimulated lesion, the second a lesion which had been stimulated by firm 
stroking with a blunt point until full development of the swelling had occurred. 
The tissue blocks were fixed in 80 per cent, alcohol and embedded in paraffin 
as before. Deparaffinised sections were stained with toluidine blue, 1 per cent, 
in 1 : 40 alcohol (Sylven, 1941), with the periodic acid-Schiff's reagent method 
(P.A.S.) and with the routine hasmotoxylin and eosin stain. 

The special staining methods were selected because of their ability to 
demonstrate compounds of the heparin type (acid mucopolysaccharides) and 
the following brief accoimt explains the rationale of their use. 

Periodic acid-SchiJf^s reagent method {P,A,S,), Mucopolysaccharides possess¬ 
ing two adjacent hydroxyl groups can be oxidised by periodic acid, yielding 
an aldehyde which is capable of reducing Jeukofuchsin to a red dye (McManus). 
Heparin does not always give the reaction owing to its variable chemical structure 
in which the parent compoimd, an ester formed by sulphuric acid and a complex 
mucopolysaccharide (Joipes and Bergstrom, 1936), may exist at different levels 
of esterification. The most potent, that is the most highly esterified form of 
heparin, is incapable of reacting, since all its hydroxyl groups are occupied by 
sulphuric acid radicles (Jorpes, Werner and Aberg, 1948). Only the lowest 
member of the series, heparin monosulphate, has the appropriate chemical 
configuration for staining with the P.A.S. method (Jorpes and Gardell, 1948) 
by which it may thus be identified provided that controls are used to detect 
glycogen and hyaluronic acid, the only substances which in alcohol-fixed tissues, 
are likely to be present in sufficient concentration to give rise to confusion 
(Hotchkiss). In the present study, therefore, alternate sections were treated 
as controls by incubating them for an hour at 37° C. in aqueous solutions of 
(1) the glycogenolytic enzyme diastasmn (B.P.C.), (2) commercial hyaluronidase 
(“ hyalase ”, Benger). Further control sections were treated by Schiff’s reagent 
alone, without previous oxidation by periodic acid, in order to detect false 
reactions due to the presence of imsuspected aldehydes. 

Toluidine blue. Toluidine blue is a member of the group of basic dyes first 
used by Ehrlich (1877) for specific staining of the mast cells, to the granules of 
which it imparts a distinctive metacliromatic tint. The colour reaction depends 
upon the acidic property of heparin and is due to the predominance at low pH 
levels, of a tautomeric form which differs in colour from the parent dye. The 
phenomenon is specific to the extent that mucopolysaccharides of heparin t^o 
are the most strongly acid of naturally occurring substances and hence give 
the most intense colour reaction (Lison, 1935). 
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Results 

The staining of human mast cells by ioluidine blue 
and by the PAS method 

The figures recorded in the table represent the number of mast 
cells counted after each staining procedure, in the connecti\e tissue 
occup 3 ring the narrow zone bet-neen the epithelium and the under 
lying muscle In the biopsy specimen the comparison was based 
upon the numbers counted in several of the clumps of mast colls in 
the subcutis 

Table 

The staining of human mast cells by tolmdinc blue and by 
the P A S method 


Case 

Bhenosh 

Organ 

PJl S 

roluWJnc 

blu*" 

1 Hale aged 55 

Comparatively sudden 

Tongue 

43 

155 


death lobar pneu 

CEsophagua 

65 

127 


monia 




2 Female aged 29 

Sudden death obstetric 

Tongue 

210 

377 


shock 

(Esophagus 

73 

1 

194 

3 Female aged 26 

Sudden, death coron 

Tongue 

1 28 

CO 


ary thrombosis 

(Esophagus 

I 86 

1 211 

4 TJrtioaria pigmentosa 


Affected 

1 equal 

numbers 

1 . 

j Biopsj 

skin 

of mast cell^ 


Urticaria pigmentosa 

Unstinmlaied lesion The sections show the classical histological 
features of urticaria pigmentosa, described ongmaUy by Thm (1877) 
and subsequently confirmed and elaborated by numerous authors 
(notably Unna, 1896, Richter, 1930-31, Scolan, 1934, Graham, 
Schwartz and Foot, 1942) 

The mast cells are arranged in densely packed clumpa and columns 
which surround small blood vessels and hair follicles at the level of 
the middle and lower cutis Other mast cells penetrate between the 
acim of nearby sweat glands, accompany the sweat ducts, and form 
loose connections between all the larger aggregations The mdmdual 
mast cells are fairly uniform m size with an average diameter of about 
20 microns and are rounded except when distorted by mutual com¬ 
pression into more or less angular shapes They possess small round 
or 01 al darkly stained nuclei with dust like chromatin and one or two 
larger nucleoli There are occasional hi nucleated cells and others 
with bilobed nuclei No nuclei show mitotic activity In alcohol- 
fixed sections the characteristic granules of the mast cells are 
not stained by the routine hcematoxyhn and eosm method, and the 
cytoplasm, no longer obscured by innumerable granules, appears ns 
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a tenuous reticulum feebly stained by eosin. The granules, however, 
are easily demonstrated by toluidine blue and appear as uniform* 
rounded, closely set bodies filling the cells and obscuring the nucleus. 
In size the granules resemble those of the eosinophil leucocyte. With 
toluidine blue the granules also show vivid metachromasia, staining 
a rich reddish-purple colour which is in marked contrast to the pale 
blue of surrounding tissues. In sections stained by the P.A.S. method 
(fig. 3) all the mast cells take the stain and the granules are bright red. 
Control sections after incubation in solutions of diastasum (BPC) 
and hyalase ’’ (Benger) show no diminution of metachromasia in 
staining when toluidine blue is subsequently applied. In the control 
section treated by Schiff’s aldehyde reagent alone the mast cells fail 
to stain. 

Stimulated lesion. Sections stained by hsematoxylin and eosin 
show certain morphological changes (fig. 4) ; the mast-cell clumps are 
smaller and more compact than those of the previous biopsy, and the 
nuclei, many of which have become spindle-shaped or irregular, are 
set close together as though the cells themselves had shrunk. A few 
eosinophils are present in the lesions, one or two in each mast-cell 
clump with others in and around blood vessels. The connective tissue 
throughout the section is mildly oedematous. 

In toluidine-blue preparations the form and distribution of the 
met achromatic material is greatly altered (figs. 5 and 6). Most of the 
mast-cell clumps now show patches almost free from metachromasia, 
where the cytoplasm of the mast cells is practically unstained and 
the nuclei are dark blue. In areas which are still strongly meta- 
chromatic, the stainable substance of the mast cells seldom appears 
in the usual granular form but is largely dispersed in sheets, branching 
filaments and irregular particles. 

Sections stained by the P.A.S. method (fig. 7) also show histo- 
chemical differences from the previous biopsy. The majority of the 
mast cells now stain faintly pink, although a few in each clump are 
still bright red. Generally speaking, these strongly stained cells are 
the only ones to give the metachromatic reaction when toluidine blue 
is applied as a counterstain. 


Subsidiary experiment 

The association of mast-cell changes with tissue oedema, observed 
in the stimulated lesion, suggested a comparison with other oedematous 
tissues. Accordingly, fresh human material from the following sources 
was selected for examination after alcohol fixation and staining with 
toluidine blue. 

1. Specimens of breast carcinoma after mastectomy. Cases were 
selected in which the subcutaneous tissue was obviously oedematous , 
several showed the peau d’orange ” caused by lymphatic blockage 
and all gave histological evidence of congestion and cedema. 2. A 
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chronic breast abscess, removed by mastectomy, 3. Amputated leg. 
Amputation had been performed at mid-thigh level for arteriosclerotic 
gangrene of the foot. The specimen was taken from the region of the 
knee where subcutaneous oedema had developed immediately before 
operation. 

Examination of the specimens showed that in all areas of acute 
oedema the mast cells showed changes identical with those in the 
sections from the stimulated lesion. Frozen sections of breast 
carcinoma stained by Scharlach E>. using watery toluidine blue as 
a counterstain showed that the vacuoles in the mast cells did not 
contain lipoid material. 

Disoxtssion 

The appearances observed in the biopsy specimens from the 
present case of urticaria pigmentosa are more easily assessed if the 
preliminary and subsidiary experiments are first discussed. 

The preliminary experiment confirmed previous reports of the 
staining of mast cell granules by the P.A.S. method in the normal 
tissues of the rat (Jorpes, Werner and Aberg, 1948) and man (Pearse, 
1949) but showed that only a proportion of the mast cells reacted in 
this way whereas the granules in all of them stained metachromatically 
with toluidine blue. The interpretation of this finding in conjunction 
with controls carried out at the same time is that normal mast colls 
vary in the type of heparin they contain. A proportion of mast cells 
contain the potent, highly esterified form of heparin, the remainder 
a less developed variety, heparin monosulphate. It is assumed that 
mast colls of the second type are less mature than the others. 

In urticaria pigmentosa all the mast cells were immature by 
these criteria, and it is concluded that the continual stimulation to 
which the lesions are subjected had prevented full maturation of the 
normal secretion product. 

The subsidiary experiment gave an indication of the conditions 
in which mast-cell secretion may occur by demonstrating that in 
the presence of acute oedema the mast colls of certain human tissues 
undergo changes identical with those seen in the biopsy specimens. 
Since trauma and urticaria were not among the causes of oedema in 
the control series it follows that these factors cannot be directly 
responsible for the mast-cell changes in urticaria pigmentosa. The 
presence of oedema fluid, common to both tissues seems, therefore, to 
be the immediate stimulus to the mast cells. 

The regulation of mast-cell activity in normal tissues is not yet 
understood but if these cells are to fulfil the role of heparinocytes ’* 
the ebb and flow of capillary filtration would serve as an ideal vehicle 
for the transmission of heparin to the blood. 

The remarkable feature about the vacuolation and disruption of 
cytoplasm which have been described is the rapidity with which these 
events occur. The change resembles that of hydropic degeneration 
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except that hydration to bursting point develops within a few minutes 
of exposure to an isotonic solution, namely, oedema fluid. The explana¬ 
tion of tliis unusual occurrence may perhaps lie in the fact that the 
mast-cell granules are composed of mucopolysaccharides, substances 
which, although feebly osmotic (Hammarsten, 1924; Jorpes, 1947), 
could rupture the ceU by their abihty, as hydrophilic coUoids to 
absorb water and increase rapidly in bulk (Bensley, 1934; Day, 
1949). The amorphous gel so formed would replace the regular 
rounded granules of the quiescent mast cell, and it is precise^ this 
transformation which has been observed. It may therefore be con¬ 
cluded that the changes occurring in the mast cells following mechanical 
irritation of the lesions of urticaria pigmentosa are consistent udth a 
mass discharge of heparin; furthermore, it appears hkely that the 
heparin, by absorbing water, procures its own release from the cells. 

For the identification of the mast cells, morphological appearances 
alone are sometimes insufficient (Westphal, 1880, quoted by jMichels, 
1938). This is particularly true of urticaria pigmentosa where the 
mast cells may be discovered at any phase of their accelerated cycle 
of function with its associated changes of form. In this disease also, 
as the present study shows, the mast cells may lose even their abihty 
to stain metachromatically with toluidine blue, a property previously 
regarded as certain proof of their identity (Maximow, 1913). It is 
not surprising, therefore, if the mast cells in the lesions of urticaria 
pigmentosa sometimes escape recognition, nor does it seem improbable 
that distorted and shrunlien mast cells have been mistaken for lympho¬ 
cytes, plasma cells, fibroblasts and the ubiquitous “ mononuclears ’’ 
(fig. 8). The possibihty of confusion with cells of other types makes 
it difficult to assess reports in the hterature of scanty mast cells 
(HartzeU, 1917, case 2; Michelson, 1922), absence of mast cells 
(Sutton, 1917 ; Ormsby, 1917, quoted by Sutton; Biach and Kerl, 
quoted by HartzeU, absence of mast cells at one biopsy vnth 
reappearance on a later occasion (HartzeU, 1917 ; Wise, in discussion 
of Mount, 1926) or the presence of various adventitious cells (many 
references quoted by Schafer, 1927-28 ; Jadassohn, 1932-33). 

The identification of eosinophils alone of the adventitious cells 
may be accepted without reserve, since their striking bright red 
granulation alwaj^s serves to distinguish them from altered mast cells. 
Apart from their presence in the stimulated lesions of urticaria 
pigmentosa (this case ; Jadassohn, 1932-33 ; Scolari, 1934) eosinophils 
have been reported in the stroma of mast-ceU tumours of the horse 
(Sabrazes and Lafon, 1908) and dog (Bloom, 1942). The relationship 
thus appears significant. 

Stuvumaiiy 

1. The lesions of urticaria pigmentosa provide ideal material for 
the study of the mast cells in man. 

2. The application of histochemical methods to serial biopsy 
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specimens showed that all the mast cells in a case of urticaria 
pigmentosa contamed heparm monosulphate, which they rapidly 
lost after stimulation of the lesions 

3 A proportion of mast cells in the normal tissues of man and 
the rat contain heparm at a higher level of esterification than the 
monosulphato and it is therefore concluded that, in the slon lesions 
of urticana pigmentosa, full development of heparm is prevented by 
the continual stimulation to which the mast cells are subjected 

4 The changes which accompany secretion m the mast cells are 
described m detail Watery vacuolation and disruption of the cyto¬ 
plasm are accompanied pan passu by transformation of the character¬ 
istic mast-cell granules into an amorphous form 

5 In other human tissues, changes identical with those descnbed 
above develop m mast cells in the presence of acute oedema Talking 
mto account the chnical evidence, it is concluded that m urticaria 
pigmentosa local tissue oedema provides the stimulus for mast cell 
secretion 

6 The variety of appearances which the mast cells m urticaria 
pigmentosa present at different stages of activity may conceal their 
identity or cause them to be mistaken for other cells 

Thanks are due to Professor J H Biggart for his support and to Dr J p 
Rilej, Dimdee Royal Infirmary, for helpful criticism and generous assistance 
m the compilation of the paper 

The photography is the work of Jlr D jSIcA Mehaffey, ARPS, of the 
Fathofogj Department, the Queen's University, Belfast and of T C Dodds, 
FRPS.FIBP, the Pathology Department, the Uni\ ersity of Edinburgh 
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alcohol on a slide placed on a warm-plate maintained at 50"" C. Plain water 
should not be used for flattening the sections as they tend to tear out of the 
wax. If the alcohol concentration is increased to 70 per cent, the sections fail 
to flatten. Excess fluid is removed with a cloth and the sections are dried in 
a 3/ C. incubator. After 10 minutes or so they are ready for staining. 

Although it is probable that many staining methods may bo used with 
success, Lillie s azure-eosin technique (1948) has been found very satisfactoiy. 
To obtain a good colour balance it is necessaiy, after bringing the sections to 
water, and before staining, to mordant them in 1*0 per cent, buffered formalin 
for 2-3 minutes. 

The success of the method depends mainly on the quality of the dioxan. 
The suitability of a batch of dioxan may be readily assessed by observing the 
staining of the chick erytlirocj’tes in the sections. With a good batch the 
c^diOplasm of the erjdilirocytes stains pale pink by the azure-eosin method 
and the nuclear detail is clearly visible. With inferior grades the cytoplasm of 
the erythrocj’tes stains a brick red and nuclear detail is obscured. 

Tlie technical grades of dioxan are useless for the purpose, and many of the 
analytical grades have not proved satisfactory. Uniformly good results have 
been obtained with fresh batches of Dioxan pnriss (supplied by L. Light & Co., 
CoInbrook, Bucks, England). However, the very finest results have been 
obtained with two batches of highly purified dioxan which had been in the 
laboratory for some years ; therefore it may be that some ripening process may 
be desirable in addition to high initial purity. 

Modified method 

Cliorio-allantoic membranes fixed by dioxan are delicate and tear rather 
easily during section. A more robust membrane is obtained by a small modifica¬ 
tion which has the further advantages that the stained sections are more familiar 
in appearance and that the purity of the dioxan is not so critical. For this 
modified method all the batches of dioxan of analytical grade have proved 
equally satisfactory. The only change is in the first step of the basic method. 

Just before use, a fixative is prepared by saturating methyl alcohol at room 
temperature with potassium dichromate, and adding neutral 10 per cent, formol- 
saline to a final concentration of 10 per cent. (0*4 per cent, formaldehyde). 
The membrane is covered with a few drops of the fixative- Aufter 1-2 minutes 
the fixative is removed with a pasteur pipette and replaced by about 2 ml. 
of fresh fixative. If necessary the membrane is carefully detached from the 
glass so that it floats freely. It is left soaking for 5 minutes. 

The fixative is pipetted off and replaced by about 2 ml. of dioxan. If the 
membrane floats it should be submerged. After 5 minutes proceed as in the 
basic method, and thereafter the technique is the same except that the sections 
are not mordanted with formalin before staining. 

Other applications 

Sections of chick amnion are readily prepared in the same way. Yolk sac 
is more difficult, but good sections may be obtained if a thin part of tlie membrano 
is selected, the yolk is very carefully washed away and particular care is taken 
to lay the membrane fiat. It is also possible to cut good sections of chick embryo 
intostine and trachea, but the method is not suitable for solid organs. 


Summary 

Two simple and rapid methods of preparing sections of chick ohorio-aUantoic 
membranes for histological study are described. Tlie first method, in which 
dioxan is used both as a fixative and as a dehydrating agent, demands dio.van 
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The fecal output of urobilinogen 'W'as also expressed as the haemolytic index 
(IVIiller, Singer and Dameshek, 1942). This relates the fecal urobilinogen to the 
degree of anaemia and gives information about the amount of urobilinogen 
excreted daily per 100 g. of circulating haemoglobin. The blood-volume of the 
rats was derived from the figure given by Creskoff, Fitz-Hugh and Farris (1949) 
of 6-7 ml. per 100 g. of body weight, and the total haemoglobin was calculated 
from the values for blood volume and haemoglobin percentage. The haemolytic 
index is the average daily output of fecal urobilinogen in milligrammes, 
multiplied by 100 and divided by the total hemoglobin in grammes. 


Results 

Table I shows that there was a considerable variation in the amounts of 
urobilinogen excreted in the feces of the normal rats in the four-day periods, 
the mean being 0-38 mg., and the range being 0*10-1-03 mg. This could not be 

TABIiE I 

Total amount of urobilinogen excreted in the fceces of normal rats in each four- 
day period and the degree of hceynolysis as expressed by the hcemolytic index 


Rat no. 

Hb. (g. per 100 
ml.) at the 
beginning of the 
period 

Hb. (g. per 100 
ml,) at the end 
of the period 

Mean Hb. 

Total 

urobilinogen 
excreted in 
fmces in mg. 

Hemolytic 

index 

1 

13*0 

13*3 

13*15 

0-70 

8*4 


13*3 

14-05 

13*7 

0*85 

9*0 

2 

12*6 

12*2 

12-4 

0*57 

7*5 


12*2 

12*4 

12*3 

0*62 

8*1 

3 

14*5 

12-9 

13*7 

0*18 

2*9 


12*9 

13-9 

13*4 

0*41 

6*8 


13*9 

13*9 

13*9 

0-12 

1*6 

4 

14-2 

14*8 

14*5 

0-23 

3*3 


14*8 

14-6 

14*7 

0*24 

3-2 


14-6 

13*8 

14*2 

0*71 

10*9 

5 

13*4 

14*6 

14*0 

0*11 

1*4 


14*6 

12*9 

13*75 

0*45 

6-2 


12*9 

14*3 

13*6 

0*23 

3*2 

6 

14*5 

13*3 

13*9 

0*38 

6*5 


13*3 

14*2 

13*75 

0*11 

i 1*9 


14*2 

13*5 

13*85 

0*48 

7*8 

7 

13*8 

14-6 

14*2 

1*03 

11-6 

j 

14-6 

14*9 

14*75 

0*48 

5*7 


14*9 

14*4 

14*65 

0*11 

1*4 

8 

15*3 

15*5 

15*4 

0*24 

3*0 


15*5 

13*9 

14*7 

0*35 

4*5 


13*9 

14-3 

14*1 

0*10 

1*4 

9 

15*2 

1 15*3 

, 15*25 

0*15 

1*7 


15*3 

13*5 

14*4 

0*23 

3-1 


13*5 

1 15*7 

14*65 

0*49 

6*5 

Mean 


... 

i 

0*383 

5*10 


correlated with the size of the fecal samples. The feces always contained some 
animal hair and a smaU quantity of uneaten food, which must have mcreascd 
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weight was 2*86 g., and the range l*C7-4*67 g., None of the animals suffered 
from diarrhoea and the collections were complete in every case. A comparison 
of tables I and 11 shows that the excretion of urobilinogen in the fjcces of the 
anaemic rats is significantly greater than that in the normal animals and that 
the difference between the hemolytic indices in the two groups is significant 
(table III). If the figures are xised as a crude measure of hjemolysis, they suggest 
that the rate of breakdown of blood is increased at least fourfold in the aniemic 
rats. 


Summary 

The macrocytic anaemia which develops in rats in which a cul-de-sac has 
been made in the small intestine appears to be hssmolytic in type. The excretion 
of urobilinogen in the fseces of the affected animals is increased. 
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ABSENCE OF BAJITONELLA INFECTION IN RATS WITS 
INTESTINAL CULS-DE-SAC AND JIACROCYTIC ANEMIA 

G. M. Watson and L. J. Witts 

From the Nuffield Department of Clinical Medicine, 

Padclijfe Infirmary, Oxford 

If a blind loop is made in the small intestine of rats a proportion of animals 
prepared in this way will develop a macrocytic anaemia (Cameron, IVatson and 
Witts, 1949). Tlie precise mechanism inducing this ansemia is unlmown and 
because latent Bartonella infection is common in laboratory rats the results 
may be criticised on the grounds that the intestinal operation may simply 
have activated an infection with B. muris. In the ordinary way activation of 
Bartonella infection is seen only after splenectomy but Wills and Melita (1930-31) 
have shown that dietary deficiency may also activate the infection. The blood 
films of our rats with macrocytic anaemia did not show the frank infection with 
Bartonella which is seen after splenectomy in susceptible animals, when a large 
proportion of the red cells are obviously parasitised. However, it is difficult 
to distinguish small numbers of Bartonellte in the blood, as punctate basoplulm, 
platelets superimposed on red cells and stain precipitates cause confusion. It 
was not always possible, therefore, to say that a given film was free of Bartonella. 
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To meet tius criticism somo further experiments ha\ o been made Firstly, 
an'emic rats have been treated v, ith neoarsphenamme, which is knovm to euro 
Bartonella mfeetion m rats {Majer, Borchardt and Kilvuth, 1927), to see whether 
it mfluoncod the o\poriraontal amcmia Secondly, a stock of rats has been 
kept free of Bartonella infection to see whether an'cmia developed m tho usual 
way after operation m these rats 

The results obtamed with tho therapeutic trial of neoarsphonammo are 
shown m the table As ansemic rats were found, alternate animals were treated 

Tahie 


Sunn-tal Ume in days of a7i(tmtc rais treated vnth 
neoa rsph enainxnc 
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with weeldy mjections of neoaraphenanune or left untreated In tho table, 
survival periods are from tho time of identifying tho anamna Tho results do 
not suggest that neoaraphenamme prolongccl the life of tho ansemic ammals 
In both tho treated and imtreatod senes there wore somo rats which had one 
or more remissions and remained ahve for considerable periods, but tho treated 
rats showed no advantage m this respect Nor did neoaraphenamme have any 
specific effect on tho an'cmia , for example, treated rat no 8, which romamod 
alive for 230 daj'S after aimmia was first obsorv ed, contmued to hav e a fluetuatmg 
anicmia despite prolonged treatment with nooaraplienamme 

For the second part of this experiment nil rats in stock which might have 
been mfocted with Bartonella were dostroj ed or moved to another room, and 
all fresh stocks were obtamed from a Bartonella free somoe (Mmistry of Supply 
Animal Farm, Porton) As each batch of new rats was received a sample was 
splenectomisod to ensure that thej were free from BartonolH; none of the 
splencctomised ammals de\ eloped tho mfeetion As a further precaution all 
new rats which were not splencctomised were given 10 mg of neoarsphenamme 
by injection No ammals other than Bartonella free rats were allowed m tho 
rat room Tliroughout the period of these experiments splonectomised rats 
were kept mixed with tho experimental ammals, and it was hoped that if 
Bartonella mfeetion should get mto tho stock, those amraah would act as 
mdicators of its presence None of them do\ eloped Bartonella infection 
Fmaliy, at the end of tho experimental period, somo of tho oldest ammals with 
intestinal loops wore splencctomised and these did not develop Bartonella 
infection It is therefore unlikely that an> Bartonella mfeetion was present 
m the colonj m the period under consideration 

Macrocytic ancemia did, m fact, continue to appear m experimental rats 
from this Bartonella free stock 

During the iicriod of observation 213 rats were prepared by operation and 
of these 22 developed an anrcmia similar to that reported before Somo operated 
rats romam alive and may still develop amemja Tlio frequenej of anoimia 
13 less than that found earlier but throughout tho work on this oxpenraontal 
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ansemia, the incidence in operated rats has varied considerably for no obvious 
reason. The anaemia observed in Bartonella-free rats does not differ in character 
from that already described though we have the impression that these rats 
may live longer in the ansemic state. 

From these two sets of observations it appears that the development of 
macrocytic anaemia in rats with blind intestinal loops is unrelated to the presence 
of latent Bartonella infection in these rats, though it is possible that latent 
infection may modify the course of ansemia. 


SuYtirmry 

The macrocytic anemia developing in rats with artificial blind loops in tho 
intestine is not cured by neoarsphenamine, which is effective in Bartonella 
infection, and the anremia will develop in rats which are free from Bartonella. 

The expenses of this investigation were in part defrayed by tho IMedical 
Besearch Council. 
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IPbilip IWocl panton 

Bom 26tli Bacember 1877. Died 27tb December 1950 
(Plate XGIII) 

Sm Philip Panton^s retirement in 1949 from the post of Consultant 
Adviser in Pathology to the IVIinistry of Health ended a career in 
clinical pathology in which he became pre-eminent. This was not 
in any way the result of personal ambition, for no one was less imbued 
with such a motive. Nor could it be attributed to scientific attainment, 
though in this respect he was by no means unsuccessful. Rather was 
it the possession of the qualities of leadersliip, used so unstintingly 
for the betterment of hospital pathology, that won for him this unique 
position and incidentally the admiration and affection of his colleagues. 
In doing this he drove himself hard, particularly in the last ten years, 
and there was already an indication when he came to retire that his 
health had suffered in consequence. Unhappily this proved to be 
true. He was never able really to enjoy his well-earned retirement, 
and on 27th December 1950, the day after his seventy-third birthday, 
he died at his home at Bourne End after a short illness. 

Phihp Noel Panton was bom on 26th December 1877 in the small 
country town of Wareham in the county of Dorset, His father, 
John Panton, who came of a long line of yeoman farmers, was a 
brewer ; he owned and managed the brewery which stood next to their 
house on the outskirts of the town on the banlcs of the river Erome. 
His mother was a daughter of the famous artist William Frith, one 
of whose pictures, Derby Day, probably the best known, hangs in 
the National Gallery. There were five children, bliree sons and two 
daughters, a small family for those days. Life was easy for the 
well-to-do in that spacious Victorian period, and it was in this pleasant 
atmosphere that the young Philip spent his first eight years. One 
thing alone is worthy of record in connection with this period of his 
life, his decision to become a doctor. He had reached the age of 
six and had gone on a visit to a farmer imcle. Wliilst there he had 
the misfortune to fall and break liis leg, and the attachment which he 
formed for the kindly general practitioner who attended liim and set 
the broken femur determined him to become a doctor himself when 
he grew up—a decision which his parents did not let him forget. At 
the age of eight he was sent to preparatory school, first of aU to 
Beckenham Lodge and subsequently to Orley Farm, a preparatory 
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school for Harrow and incidentally the scene of Trollope’s novel of 
that name. In keeping with family tradition, Panton was destined 
for Harrow and he went on to the big school in 1891 at the age of 
tliirteen, there to spend five 3'ears which, from all accounts, were both 
happy and valuable. Dr Weldon was the headmaster of HarroAv in 
those daj’^s and under his guidance the school was enjoj’-ing one of its 
best periods. It was, however, the influence of B. E. Bowen, Panton’s 
house-master at the Grove, which made those five years of such 
particular value. Bowen was a very considerable personality. He 
combined a high standard of scholarship in a wide range of subjects 
with prowess in aU forms of athletic sport, and it is easy to understand 
what an influence for good he exercised on the boys. Panton un¬ 
doubtedly came under its spell; the enjoyment which he took in the 
countryside and in walking was in large part inculcated by Bowen 
as was, apparently, the impatience which he showed for restrictions 
which he considered unjustified. Contemporary with Panton at 
Harrow were several boys who subsequently became famous. G. M. 
Trevelyan, the historian, was in the same house with him and became 
Head Boy at the Mount in his time. And L. S. Amery and Winston 
Churcinll were also at Harrow with Panton, the former being Head 
Boy of the School; it is interesting that Dr Weldon considered Amery 
to be much the more brilliant of the two. It must also be recorded 
that it was whilst at school that Panton received his first appointment 
as a chnieal pathologist! This was at the Royal Sussex Hospital, 
Brighton, a quite unofficial post held in vacation time during liis last 
year at Harrow. His “ laboratory ” consisted of a table on one of 
the landings and the investigations were confined to the simplest 
routine urine analysis. 

Ever since the early resolve to become a doctor Panton had from 
time to time doubted his suitability for such a calling. He confessed 
that.he shrank from sick and mutilated people, but not having the 
moral courage to go back on his original choice he allowed his parents 
to hold him to it, and in 1896, at the age of 18, he went to Trinity 
College, Cambridge, there to read for the Natmal Science Tripos with 
a medical qualification as his ultimate goal. Incidentally he came to 
regard medicine as the finest of all possible careers. At Cambridge he.- 
seems thoroughly to have enjoyed liimseH. He worked sufficiently hard 
to make a satisfactory showing in examinations. He played football 
for the Trinity Harrovians in term time and with the Old Harrovians in 
the vacation. He played cricket of the village-green type occasionally, 
made many friends and generally entered into the undergraduate social 
life of the University, in short he took full advantage of the educational 
opportunities wliich our two ancient universities alone can provide. 
And having taken the Natural Science Tripos and obtained the 2nd 
M.B. he went to St Thomas’s Hospital for the clinical part of lus 
training, leading no debts behind Irim, in fact he records tliat his 
bank balance was 2s. 6d. on the right side ! Here Panton continued 
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liis unchoquored undergraduate career and in 1903, tliree years after 
leaving Cambridge, lie obtained the conjoint diplomas of the English 
Colleges, taking the ^LB., B.Chir, of Cambridge a year later. Resident 
appointments followed, first of all a house plij^sicianship at St Thomas’s 
and then back to Cambridge to hold the post of house surgeon at 
Addenbrooke’s Hospital. His account of conditions at this latter 
hospital reads strangely these days and ho likens the change from 
St Thomas’s to Addenbrooke’s to transferring from a Cunard liner to 
a tramp steamer. Sterile dressings wore unluiown in the wards and 
he had to improvise dressing tins out of biscuit tins to make good the 
deficienc 3 % and the senior surgeon could not do a simple appondicectomy. 
Panton hastens to say, however, that tliis was a very temporary, if 
unfortunate, phase through which tliis hospital was going, a state 
of affairs wliich could not possibly recur to-da 3 ^ At what particular 
stage in his career Panton decided to specialise in pathology I do 
not laiow', but by the time his appointment at Addenbrooke’s terminated 
the choice had evidently been made and in 1905 he returned to work 
at St Thomas’s in Dudgeon’s department, having been awarded a 
Louis Jenner Research Scholarship, Two of his contemporaries at 
St Thomas’s, A. E, Boycott and H. R, Dean, made the same choice 
and like him came to occupy distinguished positions in pathology 
though, unlike Panton, they chose academic careers. The late 
W. W. C. Toploy was another of Dudgeon’s students to specialiso in 
pathology and earn great distinction ; ho was junior to Panton, coming 
to St Thomas’s when Fanton had already started his post-graduate 
specialisation. And there were others whom Dudgeon inspired, 
Pulvcrtaft, Bamforth and Oliver come to mind ; he must have been 
a great teacher. 

Panton’s election to the Oibson Research Scholarship of the 
Society of Apothecaries enabled him to continue the study of pathology 
vdth Dudgeon until 1908 when he was appointed Assistant Director 
of the Clinical Laboratorj^ at St Thomas’s. This post was held for 
only a short time, barely a year, and in 1909 he was invited to join 
the staff of the London Hospital as Dkector of the Clinical Laboratory, 
a post he was to hold with distinction for thirtj^-seven years. Hlien 
Panton wont to the London the hospital laboratory, then known as 
the Chemical Pathology Laboratory, consisted of two small rooms 
in the charge of,a teclmician. It had been started largely at the 
instigation of the late Mr Frank ICidd and its relation to existing 
departments was still ill defined. An excellent service in morbid 
anatomy and histology w'as provided by Turnbull’s department, later 
to become the Bernliard Baron Institute of Pathology, and the 
hospital bacteriology was done by Bulloch’s department in the ^ledical 
College far removed from the wards. Panton thought this latter 
arrangement was bad since it impeded ready consultations between 
laboratorj" man and clinician, so the service which he organised in 
the hospital, renamed hy him the Clinical Laboratorj^, included 
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bacteriology. This brought him into conflict ^vith Bulloch, and 
although at first feelings ran high, thanks to Panton's good sense and 
diplomacy the relations between the Bacteriological Department and 
the Clinical Laboratory became more tolerant. And when I camo 
to the London in 1926, although some of the hospital bacteriology 
was still done by Bulloch and his colleagues, the major part came 
to Panton’s department. The transfer of the Bacteriological Depart¬ 
ment to the hospital had even been discussed, and although this project, 
warmly supported by the hospital’s chairman. Lord Knutsford, had 
reached the stage of planning, for one reason or another it did not 
then progress beyond that stage. The idea, however, appealed to 
Panton. He had alwaj^s felt that the laboratories doing the hospital 
pathology should be as near to the wards as possible, not only to make 
them readil}^ accessible to the clinician but also to encourage the 
pathologist to go into the wards. From the beginning, Panton had 
been imbued udththis idea, and when in 1934 I succeeded Bulloch it 
seemed that the opportunity for a further step in this direction had 
arrived. I was then working in the Clinical Laboratory and Pantou 
suggested that the department in the College which I inherited should 
move to me in the hospital rather than that I should be banished to 
the cloistered seclusion of the top floor of the College. Since I shared 
Panton's view equally strongly and the hospital authorities were 
agreeable, the move was planned and had it not been for the outbreak 
of war the work would have started in 1939. Fortunately this proved 
to be no more than a postponement and although it was not achieved 
before Panton’s retirement he lived to see its realisation. Now, 
thanks in very large measure to his vision and untiring energy, a 
Division of Pathology exists at the London which is not merely a 
spiritual concept. 

It is unusual for anyone engaged in a busy practice of hospital 
pathologj’^ to find the leisure for fundamental research; their con¬ 
tributions to advancement of knowledge usually result from observa¬ 
tions made in the course of their routine duties. In this respect Panton 
was no exception and it must be remembered that his appointment 
at the London, though a salaried one, was only part-time and he had 
to practise outside as a consultant pathologist in order to live. 
Although this outside work never grew to a big practice it occupied 
a not inconsiderable part of lus working day and tliis explains to a 
large extent the somewhat meagre list of scientific papers published 
by Panton. It was not lack of ability for research, though as Valentine 
has pointed out, he had a certain impatience for the irksome detail 
inevitable in practically any research. However, with Tidy and also 
with Valentine he recorded observations on the leukssmic states, an 
he and Sequeira investigated erythrodermia, showing that one form 
of tliis condition was associated with a lymphoblastic Wood picture. 
Intrigued by Besredl^a’s work on the relative insusceptibility of le 
guinea-pig and rabbit to the anthrax bacillus inoculated by other 
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than the dermal route, ho made a study of this phenomenon with 
Benians, pro\idmg a partial confirmation of Besredlta*s claim and 
extending the work to the relative susceptibility of the different tissues 
of the mouse and rabbit to the pneumococcus Perhaps las most 
important research was on Staphylococcus pyogenes and its toxins 
In this uork, done in conjunction ^vith Valentino, the importance of 
leucocidm m pathogenicity and of its antibody m staphylococcal 
immunity ^\as emphasised, a conclusion wluch, though warranted, 
was at ^ anance with the findings of others And although tins work 
has lost its practical significance with the ad\ ont of antibiotic therapy, 
ifc still constitutes a dofimto addition to our Ivnowledge of the natural 
history of the staphylococcus Any account of Panton’s scientific 
writings would bo incomplete without a reference to his textbook on 
chnical pathology First published m 1913 with Panton as sole 
author, this popular book has gone through fi\o editions Marrack 
collaborated with him in the preparation of the subsequent editions 
and they were joined by May in rewriting tlie fifth edition winch 
appeared m 1945 , a sixth edition is m the press The fact that tins 
book has gone tlirough five editions is sufficient evidence of its 
usefulness 

Although Panton did not do much original work and perhaps 
would not oven liave made a very successful research worker, he 
was keenly’’ ahvo to the importance of research, and saw clearly the 
lines along which progress would come Realising that the work of 
the Clinical Laboratory was constantly throwing up research problems 
which ho and his staff had not the time to investigate, he sought the 
means to establish full time research posts in his department In 
this he was successful, thanks to the generosity of his friend the 
Be\ M S Courtauld who provided a capital sum the mcomo from 
which sufficed to establish, in 192G, two Freedom Research Fellowships 
and a Freedom Research Studentship m the Chmeal Laboratory 
Sir Howard Florey and I wore the first two Fellows appointed and 
L F Hewitt held the first Studentslup and although Florey left 
after a year to take up a research post at Cambridge I continued to 
hold my appointment in the Clinical Laboratory for eight years, a 
most mterestmg and enjoyable time 

It w ould )iav© been difficult to find a more dehghtful and stimulating 
chief than Panfcon Ho allowed complete freedom m the choice of 
hnes of work and did all m his power to provide the necessary facilities , 
he was sympathetic over the failures and took as much pleasure m 
the successes as though they had been his own Since those days 
quite a number of men have worked at the London as Freedom 
Follows—J 0 W Bland, A W Downie, S T Cowan, S D Elliott 
and J 0 R ^Morris—and although to-day, under the National Health 
Service, the Freedom Fund no longer exists as such, having been merged 
with Free Funds of the hospital, the Freedom Fellowships have not 
been allow ed to lapse They continue to provide excellent opportunities 
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for tlie aspirant in medical research and stand as a memorial to the 
wisdom of Panton and the generosity of Ms friend Courtauld. 

Although Panton’s achievements at the London had earned him 
the high regard of his colleagues there, httle was heard of them outside, 
where he remained comparative^ unknovm. This was understandable 
since he avoided scientific meetings and conferences, and as we have 
seen ho had ptibhshed few scientific papers. It was, however, the work 
wliich he did for hospital pathology during the recent war and the 
early post-war years of reconstruction which enabled pathologists up 
and dovm the country to know Panton and appreciate his great 
qualities. After Munich, when plans were being made for the evacua¬ 
tion of the big centres of population together with their hospital 
services in case of war, Panton played Ms part in these preparations 
and he took the initiative in havmg prepared a complete register of 
pathologists and laboratory technicians wMch was to prove invaluable. 
With the outbreak of war the London, except for a small residual 
nucleus, was dispersed throughout Sectors I and II of the London 
Region, and Panton and I became responsible for the laboratory 
services of these areas, Ms being Sector II comprising parts of Mddlesex 
and Hertfordshire. Little existed in the way of laboratories in the 
hospitals to wMch the London stafi" and equipment had been moved 
and Panton busied Mmself making good these deficiencies and organis¬ 
ing a laboratory service in Ms sector. He remained here for only a 
short time, however. The need for someone at the Mimstry of Health 
who could advise on problems concerned with hospital pathology had 
become urgent and Panton was chosen to do tins. For a while he 
divided Ms time between the Mnistry and Ms Sector, but the increasing 
needs of the Mnistry soon made his advisersMp a full-time post. 

• HTiat he had seen of the laboratory services, or rather the lack of 
them, in HertfordsMre and Essex, convinced Mm of the urgent need to 
acquaint himself with the state of things in other parts of the country 
and to rectify, as far as was possible in wartime, the deficiencies wliich 
his experience told him must exist. No one was better fitted for this 
work than Panton. His earlier experience had shown Mm not only 
what an important part good clinical pathology played in maintaining 
a high standard of medieme, but also how best to orgamse such a 
service, and he was determined to see that every hospital in the 
country possessed these advantages. Convinced that this could only be 
acMeved by establisMng personal contact with pathologists and 
learning first hand of their problems. Panton travelled all o%''er the 
countr 3 ', often in considerable discomfort, visiting in the course of 
these journeys some two hundred hospitals in England and Wales. 
He saw for himself what was happening, discussed the local problems 
with the pathologists and hospital authorities concerned, and suggested 
waj's in which the laboratory services could be improved. Ho met 
with manj''difficulties, some of which to lesser men would have appeared 
insuperable, but Panton usually wnn through. He succeeded where 
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others might have failed, not onlj because of lus Zealand dotorramation, 
but because of tlio great authoiit}*’ inth which lie spoke, an authority 
born of vast experience, and, not least, because of the diplomatic way 
in \\ Inch he handled these matters In time ho came to know personally 
o\ erj’ pathologist in the counti} and man}^ of the techmcians as well, 
n hcie\ or he wont he won trust, admiiation and affection His periodic 
visits were anaited with pleasure Ho had become the valued friend 
as veil as adviser, and not mfiequcntly, when the busmess of the day 
had been disposed of, he voiild bo consulted on personal matters At 
the centre he exammed critically all plans for new laboratories, he 
attended the meetings of the Committee of Sector Pathologists of the 
London Region and lie arranged for the Regional Advisers in Pathology 
to meet him periodically m London so that ho might be kept m touch 
with all their problems He was also concerned, m conjunction -with 
the MRC and the services, vith arrangements for the traming of 
pathologists and, vhen trained, with seeing that they were equitably 
distributed betveon the armed sei vices, the E SI S , the MRC and 
the Um\ ersity departments It v ould ho difficult to exaggerate the 
importance of all that Panton did during Ins term of office at the 
ISlimstry He raised hospital pathology throughout the country to a 
level it had never previously enjoyed and the pathologist to a status 
of eqiiahty with his consultant colleagues And when in July 1943 
the National Health Ser\ice came into being, so woU had Panton 
planned, the nucleus of an efficient service of hospital pathology 
existed in every region IVliat is more, when it had become evident 
that the Public Health Laboratory Service vas to be an mdependent 
service and, unlike hospital pathology, under central direction, a 
divorce of the two laboratory services which Panton accepted with 
regret and some misgivnng, he worked loyally and untumgly for the 
closest possible co operation between the two Pubhc recognition of 
these services took the form of a knighthood m 194G, an honour m 
which Panton’s many friends and admirers took great satisfaction, 
oven though he lumself looked at it somewhat askance 

This work at the Jilmistry resulted m lus having to sit on many 
committees, a duty winch he accepted as mevitablo if uncongenial 
Although not a member of the B M A , he was on sev eral of their 
important committees, mcludmg the Central Emergency Committee, 
the Central Medical War Committee, the Armed Services Committee 
and the Postgraduate Education Committee In addition, as I have 
already mentioned, he attended the meetings of the Committee of 
Sector Pathologists, which ceased to exist with the advent of theN H S , 
and ho was chairman of the Central Pathological Committee which 
continues to adv ise the Mimstry on all matters concerned with hospital 
pathology As a representative of the Mxnistrj^, he also served on 
those professional and techmeal councils of the Whitley Council 
concerned with laboratory staff, and he helped the British Standards 
Institute in the w ork of some of its committees I have alwaj^s had 
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some difficulty in assessing Panton’s value as a committee man. I 
have, of course, served with him on several of these committees, as 
well as on many internal committees of the London, and that he 
could, and did at times, make valuable contributions I readily admit. 
But committees bored him and tliis, I think, deterred him from giving 
of his best, and as a chairman he was apt to allow a committee to 
wander unguided. He much preferred informal discussions with the 
few really interested persons to the more formal committee, and with 
this view aU. but the most confirmed committee addicts would agree. 
Of Panton’s connection with scientific societies there is little to say. 
He had been a member of our Society since 1919 but I never saw him 
at any of its meetings. He was made an honorary member of the 
Association of Clinical Pathologists in 1948 and he was elected an 
Honorary Fellow of the Institute of Medical Laboratory Technicians 
in April 1946 as a recognition of aU that he had done for teclinicians. 
But he was neither a member of the B.M.A. nor Fellow of the Royal 
Society of Medicine, and, like Dudgeon, he avoided scientific meetings, 
holding them to be of little use. 

Thus far I have been concerned with what Panton did and have 
said little about the man himself, though here and there things have 
emerged to show something of his make-up. He was essentially 
English in both character and appearance; in fact I always 
thought that, with his well-shaped head and good features, 
clear blue eyes, healthy look and neat but sturdy figure, he 
personified that very English county, Dorset, from which he came. 
In character he exemplified at its best the type of man of well-to-do 
parents in Victorian times who had enjoyed a public school and 
■university education, courteous, upright in liis dealings, considei'ate 
of others, cultured but making no parade of it, and born and bred to 
be a leader without fear of responsibility however heavy. Panton was 
a man of first-class intellect and very considerable personality. His 
command of English, whether in speaking or uniting, was of an 
unusually high order, yet he failed as a lecturer for the sole reason 
that he was inaudible except to those near him. This was unfortunate 
because what he had to say was not only of good substance and well 
presented, but enlivened by that sense of humour with which he was 
abundantly endowed. He excelled as a ■writer. As a student at 
St Thomas’s he edited the St Thomas’s Gazette ; it is reputed that 
he even "wrote it almost entirely himself, and in later years he wrote 
for the amusement of his two grandsons. His reminiscences of medical 
life which he began ■writing on retirement had just reached completion ; 
in fact he was happily engaged in putting the legends to its illustrations 
on the day of his death. Although he played games and enjoyed 
them both at school and the University, he was no great athlete. 
He took a dehght in the countryside, was well versed in its lore, and 
enjoyed waUdng as a relaxation. Fly fishing was another of his 
hobbies, but greatest of all was landscape gardening. At work in 
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lus beloved garden at Otter’s Pool aU the worries and tribulations of 
his hfe, and lie had hea\y ones to bear, were forgotten When I 
was considering whether or not to go to the London, I asked a fellow 
pathologist vhat sort of a man Pan ton was, to be told that he was a 
dehghtful peison, and that is wliat I found him to be, a truly dehghtful 
person As a chief ho %\as exceptionally land and understandmg 
and as a compamon he was without an equal Some of the memories 
which I cherish most are of moments spent m his company either 
at work m Ins garden, watclung ciicket at Lord’s or in the setting of 
one of our beautiful county grounds, oi on holiday in Cornwall 
Someone remarked of Panton recently that we do not make men 
like him m England now, and unfortunatelj^ there is truth in this , 
he vas the product of a state of society winch no longer exists The 
social 1 evolution is rapidly destro}’ing that leisured and cultuied class 
from which he sprang, and although we ha^e bamshed poverty and 
brought educational facihties v ithin the reach of everyone, it is largely 
the technically mstructed we are producmg and not the cultured 
mdividual Those who applaud tins social change and deride what has 
been termed the “ old school tie ” tradition should reflect that men 
hke Panton, who stand for all that is best m this tradition, are the 
salt of the earth 

S P Bedson 

The writer wishes to record his indebtedness to Jlessrs WilUara Heinemann 
who permitted him to see the 3\IS of the first four chapters of Sir Philip Panton’s 
memoirs and to make use of the mformation m the preparation of this notice 
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Primary carcinoma of the liver 

By CnAJiLEs Berman, 1951, London : H. K, Le\vis and Co,, Ltd. Pp. 
xvi and 164 ; 84 text figs. 369. 

This monograph cannot be too warmly commended. It combines the 
fruits of the autlior’s own careful research on hepatic diseases in tlie Bantu 
races with a comprehensive and up-to-date review of the whole subject 
of carcinoma of the liver. By direct and unambiguous diction and by 
avoiding verbal padding. Dr Berman has packed into a small volume an 
astonishingly large amount of information; indeed it contains all that 
is essential about our knowledge of liver cancer, and it will certainly become 
the standard work of reference on this disease. Tlie iiluatrations, most of 
them photographs or photomicrographs, are uniformly good and most of 
them excellent. The bibliography contains about 700 references, and the 
analytical details of these which are scattered throughout the text make it 
clear that the author is intimately familiar with them and that they are 
not merely inserted on the time-honoured principle of ** swelling the crowd 
Berman’s own work on Bantu livers convinces him that hepatic cirrhosis 
and cancer are closely related and that “ dietary factors, especially protein 
deprivation, are among the most important causes of cirrhosis In view 
of the great prevalence of cirrhosis and cancer in the Bantu races, he insists 
that South Africa is the proper place in which to undertake a thorough 
investigation of these diseases, a proposition the truth of which could have 
no stronger support than his own admirable research. The book is beauti¬ 
fully produced and the only misprint that a pernickety reviewer could 
discover was “ tumour ’* in the reference to an American paper. 

The acridines : their preparation, physical, chemical and biological 
properties and uses 

By Adrien Albert. 1961. London: Edward Arnold & Co, Bp. xiii 
and 381; 1 plate and 31 text figs. 70a. 

The anti-infective action of basic acridine derivatives first attracted 
attention when it was reported that trypaflavin (acriflavine), a quaternary 
derivative synthesised for Ehrlich, acted as a potent chemotherapeutic 
agent in mice infected with T. 6r«cci. Browning with GUmour, Gulbransen, 
Kennaway and Thornton, then observed that in high dilutions in culture 
medium it inliibited and killed various bacteria, both Gram-positive and 
negative, and that blood serum did not reduce these effects ; Shiga 
independently described its antibacterial property toward F. choUrcB. 
The former workers showed too that the corresponding tertiary base, later 
called proflavine, had similar activity. Proflavine and acriflavine, being 
relatively little toxic for mammalian tissues as compared with the general 
protoplasm poisons ” previously used as antibacterials, were then employed 
as ” siurface antiseptics ’* for the prevention and treatment of sepsis in 
wounds. Albert made a valuable practical contribution by introducing an 
almost colourless member of the ^oup (6-aminoacridine or aminacrine), 
which is on extremely potent antiseptic. Tlie aminoacridines have found 
J. TATH. hact,— voi. IXIII 641 2 M 
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a wide and continuing clinical use. Although they do not induence general 
bacterial infections and c^ot be administered effectively by the systemic 
route, their powerful action on various pathogenic bacteria locally in the 
tissues has been proved beyond question. The antimalarial agent atebrin 
(mepacrine), which has proved so valuable as a substitute for quinine, also 
belongs to this group. Important investigations have been carried out by 
Albert and his colleagues on the relations between physicahchemical 
properties and antiseptic action among the acridine compounds, and it 
has been demonstrated that the determining factor is the basic strength 
of the substances ; those which are well ionized (as kations) being highly 
antiseptic, while those poorly ionized are feeble. It is stressed that the 
tissues should not be brought into contact with solutions of those salts 
which have an acid pH. The book, in addition to containing a collected 
account of the extensive original researches of Albert and his associates 
on the synthetic, physical-chemical and biological aspects, also describes 
ail the significant work which has been done on the acridine series. Thus 
the successive sections deal with preparative methods, physical and chemical 
properties, biological properties and other uses—as dyes, antioxidants, 
industrial disinfectants, microscopic stains, and in one case, luzigenin I, 
as a strilcing example of a synthetic chemiluminescent substance; an 
appendix deals with the manipulation and purification of acridine com- 
poimds. There is a list of over 1800 references. Readers of the Journal 
will be specially concerned with the biological part, which occupies about 
a quarter of the text. The book is the only comprehensive one on the subject 
and is likely to remain for a long time an authoritative guide to the cheraistiy 
and biological properties of the acridine series. 

Color atlas of pathology 

Prepared imder the auspices of the United States Naval IMedical School. 
1950. Philadelphia, London, Montreal; J. B. Lippincott Company. 
Pp. xi and 546 ; 1053 figs, in'colour on 365 plates and 4 text figs, £7. 

The pattern of this book can best be conveyed by describing a page 
selected at random. Page 481, for example, deals with infantile rickets. Down 
its right half are three pictures, each 3 X 2J ins., the top one a radiograph 
of the forearms, the middle one a coloured large-section photomicrograph 
( X 16) of the growth cartilage and metaphysis, and at the bottom a Iiigher- 
power view ( X 60) of the growth line, also in colour. On the left half of 
the page is a column of text which starts with a brief clinical history of the 
case illustrated and continues with short legends to each of the three 
pictures. There is a similar arrangement of each page in what is temed 
the *' color unit varied only by the choice sometimes of gross-specimen 
or clinical photographs. The clinical photographs are excellent, so are 
many of the pictures of gross specimens, but others of these are too small 
to be useful. It is in these two classes of work that colour photography 
can be of most value. Photomicrographs seldom gain anything by the 
use of colour except where specific colour reactions are to be illustrated^ 
the prussian-blue test for iron may be quoted as a simple example. 
Incidentally, this staining method was introduced by Peris and sho 
not be called either the ** Perl reaction ” (p. 84) or “ Perl s 
(p. 373). Sections stained with Congo red for amyloid or with Sudan IV 
for fat are among those which are successfully shown in this hook. u 
standard lisematoxylin and eosin sections lose much in detail an 
nothing in contrast when reproduced in colour. Even with t e Jg 
technical competence of the publishers, there is minute inexacfcness o 
register which makes many of the low-power views a slightly hazy mass 
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little contrasted violaceous tones Tlie revio’w^er sampled two himdred 
consecutive photomicrographs, all m colour, and decided 184 of them 
would have been better m black and white Every pathologist will enjoy 
seeing beautiful pictures of diseases not usually encoimtered in this country, 
such as leprosy and bubonic plague (complete with rat flea), and of such 
rarities as the reddened palate sliowing an allergic reaction to ginger alo 

(p 281) 

The text was largely written, it appears, bj Dr Charles F Geschickter 
who around 1944 was Chief of Pathology in the D S Naval Medical School 
It might have been better to have preserved the anonymity of fcho title 
page, for the text is not even as good as the pictures Tlio brief descriptive 
columns accorapanj mg the photographs are, m general, adequate and 
factual, although certam unorthodoxies appear liere and there e g the 
rtalcy diagnosis of Kaposi s sarcoma m a woman u ho had hod a mastectomy 
for caremoma two jears earlier {p 243), ongiomesothelioma of bone 
(p 502), and the perpetuated confusion caused by mcludmg the megaloblast 
with the ancestors of the normocj'to (p 7) purpose of the written 

mtroductions ( ‘ descriptive surveys ’) to each section of the atlas is obscure 
These oversimplified synopses can hardly serve any useful fimction m 
education For instance, twontj four pages of discursive text are made 
to cover diseases of the alimentary tract from herpes labialis to rectal 
carcinoma while embracing paragraphs on German measles and balantidiasis 

There is no section devoted to the nervous system This important 
omission is curious smee bram and spuial cord tend to reproduce classical 
morbid appearances more constantly than most organs and therefore 
prov ida material well suited to an atlas There are also other large omissions 
—generative organs, breast and eye, for example But this fact serves only 
to emphasise liow arbitrary the selection of material for this or any other 
otlas may be 

Habits of thought change with changing methods of instruction 
Tlie c^Tiic may remark that the habit of thinlcing has long since withered 
m the student of medicine tluough disuse and that his intellect has atrophied 
from the press of too easily assimilated intelligence Gone are the days of 
t))D closolj prmted page with the closely reasoned aigument The summary 
speech of tlie advertiser displaces the measured tones of the scholar, and 
the clarity of the monochrome pales before the glories of technicolor The 
use of atlases is more prevalent m American medical schools than our own 
Most teachers m this coimtry to day reject the visual memory type of 
mstniction, substituting analytical observation, knowledge of prmciples 
and thoughtful reasoning as the basis of skill in pathological diagnosis 

A laboratory guide to the anatomy of the rabbit 

By E Hokne CnAiors 1951 Toronto, University of Toronto Press 
London , Oxford University Press (Geoffrey Cumberlege) Pp v ui and 
123 , 28 text figs 2Is 

The author of this book, who is Professor of Comparative Anatomy at 
Toronto, is well known for his revision of the last two editions of Bensley’s 
practical anatomy of ike rabbit Those who know that v olume will appreciate 
the scope of the present book if it is described ns the basic one third of 
** Bensloy ’’ modified m such a way as to make a handy disscetu^ gmde 
for the novice The early chapters are verj elementary, but here and 
throughout the writing is direct and instructive The major part of the 
book 19 made up of conciBB descriptions of the gross anatomj of mdivndual 
bones muscles, nerves and viscera The book is probably mtended for 
1st M B or general science students, but it will be a useful acquisition m 
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many pathological laboratories where rabbits are numbered in the establish¬ 
ment. Technicians and animal attendants will find in it a clear and sound 
introduction to mammalian anatomy and the experimental pathologist 
may on occasion be glad to have at his elbow this straightforward account 
of the less as well as the more familiar parts of the rabbit, 

Enterohacteriacese 

By F. KAtJFFMAim. 1951, Copenhagen: Ejnar Munksgaard. Pp. 338, 603 . 

This book brings together under one cover a series of studies on Entero- 
bacteriacese which have been published in recent years by Dr Kauffmann 
and his colleagues, and thus presents in convenient form a mass of detailed 
observations which every worker on this subject will from time to time 
want to consult. The nomenclature and classification are based on the 
Report of the Enterobacteriaceoe Sub-Committee of the Nomenclature 
Committee of the International Association of Microbiologists which was 
presented to the International Congress on Microbiology in 1950. The author 
divides the family Enterobacteriaceso into some 11 overlapping groups. 
Separate chapters are devoted to 9 of these, the remaining 2, Erwinia and 
Serratia, receiving only brief mention. The primary differentiation of the 
groups, and further subdivision within certain groups, is effected by bio¬ 
chemical re£ictions, but the final identification of types is based on serological 
tests. 

Approximately a third of the book is devoted to the Salmonella group, 
and the very full account of antigenic structure, variation, and serological 
technique is of great interst and importance. The views which the author 
holds on capsular or “ K antigens, which include V Antigen (antigen 
No. five), Vi Antigen and M Antigen (mucoid antigen) differ in some respects 
from those which are currently accepted in this country, and merit careful 
study. A full and lucid account is given of the methods used in preparing 
antigens and also the antisera \ised in identifying the formidable list of 
types now included in the Kauffmann-Wliite Schema. 

In the chapter on the Escherichia group, the emphasis is again placed 
strongly on antigenic pattern, and no attempt is made to subdivide the 
group in other ways, although biochemical and other characters are fully 
discussed. Twenty-five main groups are defined by differences in O antigen, 
and these are further broken down to give 93 types, in addition to which 
mention is made of many other types which have not yet been fully 
investigated. Evidence is adduced to show that one person may harbour 
in his bowel a niimber of different types at one time, and when re-examine 
after an interval of months may have a new series including one or two 
of those present at the first examination. , 

The organisms comprising the familiar " paracolon ” group whic jes 
between Salmonella and Escherichia are split into 3 goups which ave 
been named Arizona, Ballerup and Bethesda. Work on these groups is no 
completed. . ,, 

The chapter on Shigella follows the recommendations made by tne 
Shigella Commission, and adopts a classification which agrees close y 
one which has been in general use for a number of years. K (caps ar 
antigens have been found in certain types, and account for some 
findings. Most workers with practical experience in bacillary 
will agree with the removal of Alkalescens and Dispar from t e 
group, and the creation of a provisional Alkalescens-Di^ar 
this also several types have been described. In the Klebsie a ^ 
(Friedl^nder, Aerogenes, Aerobacter) O and K antigens serve o 
6 groups and 18 types. Proteus is divided into 3 groups, one of whicn 
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embraces P Uilgaris and P, mirabths, and is divided according to tho 
author's classification into 49 “ 0 " groups P morgani and P reiigen 
have not jet been serologically analysed A provisional group named 
Providence has been created intermediate between Shigella and Protons 

The approach to tho classification of tho Enterobactenace'c made in 
this book IS essentially mdividuahstic, for the author hunself has formulated 
man^ of the tli cones relating to the different tj-pes of antigen and lias 
dev ised manj of the methods used Ho and his colleagues hav e dov otod a 
vast amount of painstakmg and meticulous care to makmg the analyses 
and compilmg the tables which are the basis of tho work Yet it is impossible 
to avoid feeling tliat serologj has been allowed to dominate tho picture 
to a greater extent than is warranted We laiow that manj serological 
types of EnterobactenacoTj are stable and relatively permanent and are 
constantly being isolated the w orid ov er But what of tho others showmg 
but slight deviations from the better known species which have been found 
perhaps only once ? Are these permanent types of long standing which 
will persist into the future, or aro they fortuitous and ephemeral v anants 
which m natural surroundmgs are hero to day and gone to morrow ? Time 
alone will show, but the ever swelling volume of Salmonella types strongly 
hmts at something of this kmd, and indeed tho author’s observations on 
the changing ty^pcs of Escherichia m tho human mtcstme could well be 
explained by the operation of a sort of kaleidoscopic variation If this 
occurs, elevation of these v anants to tho dignity of type status is a procedure 
which can only lead to confusion There appears to be more than a little 
justification for the adoption of a conservativ e attitude m this matter 

A minor pomt, quite unrelated to the subject matter, is that in parts 
of tho book the names of groups and types are italicised while elsewliero 
they are not 

The differentiation of Escherichia and Klebsiella types 

ByF ICauftmaiw 1951 Springfield, Ill , Charles C Thomas Oxford, 
Blackwell Scientific Publications Ltd Pp \ and 67 16a 

Fnedlander’s bacillus and Bacterium aerogenes, culturally mdistmguiah- 
able, are corabmed mto one group, the Klebsiella As a group they can 
easily be distinguished from typical Bacterium coh (the Escherichia group) 
but the intermediate and irregular forms are not mentioned 

Tlie greater part of tho book deals with the serological analysis of each 
group which, because of tho multiplicity of antigens, is difficult and complex 
In addition to the usual O and H antigens, strains of the Escherichia group 
have K antigens that may be thennolabilc (L and B) or thermostable (A), 
those of the Klebsiella group liave only one K antigen of the thermostable 
capsular ty^ie Tlio twenty fiio Escherichia 0 groups are subdivided into 
93 types by tho K and H antigens , but finality has not been achieved for 
tho last chapter tells us that the type common m infantile gastro enteritis 
(D 433 of Joan Taylor, a of J Smith) forms a new O group named Ill 
(one liundred and eleven) by Kauffmann 

The four O groups of Klebsiella aro subdiv ided by an ev er increasing 
number of capsular antigens, some of which aro related to Escherichia A 
antigens m tho way that Friedlunder ty’po B is related to pnoumococcits 
tyqio II 

This book, which is a companion volume to Kauffmann’s The diagnosis 
of Salmonella typesy is a simple statement of one worker’s methods , there 
are only ten references, five to Kauffmann and five to other Scandinavian 
workers It contains much less information than tho author’s more com 
preliensive Enterohactcriacea; 
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Recent advances in the study o£ plant viruses 

By IL S:snTK. 2nd ed., 1951. London : J. & A. Churchill, Ltd. 

Pp. viii and 300 ; 27 figs, on 20 plates and 33 text figs. 22s. 6d. 

Great progress has been made in all branches of virus research since the 
first edition of this book appeared in 1933, and the present edition is in 
fact a new book rather than a new edition. The value of this book is 
somewhat lessened by the fact that its publication follows closely that of 
another text on the same subject. The subject-matter is divided in 12 
chapters dealing with the nature and economic importance of plant viruses, 
the external and internal symptoms and their variation as influenced by 
the environment and the effects of viruses on the metabolism of the diseased 
plant. Insect transmission is (Bscussed critically and a separate chapter is 
concerned with the other modes of transmission. The next four chapters 
deal with the purification, properties and size of the viruses and the 
importance of the electron microscope in virus research. The last three 
chapters are devoted to strains, immunity to infection, serology and control 
measures. An admirable account of symptomatology and the relation of 
the viruses to their vectors is given. Chapter Vm, amounting to 69 pages, 
is devoted to a detailed description of methods which were used in the past 
to estimate the size of virus particles. Such methods are now only of 
historical interest and should have been mentioned briefly. The photographs 
are of high standard and the book contains many references. 


Bakteriologie und Serologie 

By Loxhab Haixmank. 1950. Stuttgart: George Thieme Verlag. 
Pp. xi and 644 ; 374 text figs. (93 in colour). DM. 29.70, §7, 


This book is written by a bacteriologist in charge of a hospital laboratory 
as a guide for those engaged in this^^ype of work. Stress is naturally placed 
on the routine methods to be followed in establishing diagnosis by isolating 


and identifying bacteria, skin tests and serological reactions. Fungus, 
protozoal and virus infections are all treated, though not exhaustively. 
Tlie serological reactions used in diagnosis are considered at greater length, 
the description of complement-fixation technique being especially detailed. 
The sections on general laboratory methods are particularly useful; the 
preservation of cultures, anaerobic cultivation, counting of bacteria, 
preparation of agglutinable suspensions, and methods used in relation to 
the use of antibiotics and such practical aspects are clearly described. In 
the last section of the book there are summarised notes on specimens to be 
collected and examinations to be made in the diagnosis of individual infec¬ 
tions. Formulce for stains, fixing solutions, indicators and general reagents 
are included and there is a useful list of references to recent papers on specie 


culture media. 

There are, here and there, a few surprising statements : precipitins are 
said to be thermolabile bodies (p. 376), the cause of mumps is unkno^ 
{p. 323) and mention of the Schick test on p. 216 suggests that the time for 
reading the results is after 24-28 hours. Some of the newer bacteriologica 
techniques used to aid epidemiological investigations in this county sre 
not to be found in the book, for example phage typing of ^ 

paratyphoid B bacifli, phage or serological typing of staphylococci. Ihere 
is no mention of the prenasal and postnasal swab for the diagnosis o 
pertussis in young children and methods for the investigation^ o ^ 
infections are rather sketchy. On the whole, however, the matena is w 
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arranged and this book is full of useful information, the illustrations are 
good and for routine bactenological work it should prove a useful and 
reUable guide to the hospital pathologist 


Exotischo Erankheiten und Krankheitsverlauio 

By r O Homng 1950 Stuttgart Georg Thieme Verlag Pp xi and 
407 , 52 text figs DM 36, S8 56 

Germany has always been proud of her tropical medicme institutes 
Although circumstances have severely curtailed their scope, they reraam 
m bemg, and the present textbook is evidence of contmued mterest in the 
subject The book covers more than tropical diseases as such Its scope is 
diseases not mdigenous to Germany and also indigenous diseases m so far 
as they run on altered course in hot climates It is addressed primarily to 
the doctor practising abroad and to the “ stay at home ” who sees imported 
cases of exotic diseases Professor Hormg writes from the clmical stand 
pomt, hygiene, bacteriology end parasitology are touched upon only so 
far as is una\ oidable Even with this restriction the field is too large for 
anythmg like exhaustive treatment withm 400 pages There is nothmg 
m the book not easily available m the English literature, with the exception 
of some unfamiliar and debatable ideas on pathogenesis, but Professor 
Honng does not here develop his theories m sufficient detail to interest the 
pathologist The text will present no difficulty to a reader with a competent 
knowledge of German but is beyond the beginner 


Fraktxkum der wichtigsten Infektionskrankheiten 

By C Hegi^r 6th ed , revised by H E Boce, 1950 Stuttgart Georg 
Thieme Verlag Pp xi and 277 DM 14 70, S3 50 

This IS a short textbook for the general practitioner Although it sets 
out to cover only the most important fevers, many others, not m themselves 
of major importance, are described This is either because they are of 
differential diagnostic mterest, e g Eilatow Duke disease, or, like Q fever 
and homologous serum jaundice, because information is not readily available 
m German literature JIany advances made m other countries durmg the 
war years are even yet not easily accessible to the general practitioner m 
Germany and Professor Bock explicitly sets out to pro\ide information of 
this kmd The book is fully up to date but contams nothing which cannot 
be found m a modem English textbook It is lucidly written and a reader 
with but little German will find no difficulty m followmg the text 
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IWi and \Mh July 1951 

The eighty-third meeting of the Society wae held at the University of Liverpool 
on Friday, 13th July, and Saturday, 14th July 1951 

Communications and demonstrations 
Those marked with an asterisk are abstracted below 

T. Cra%vforb. Anitschkow cells of the rabbit’s heart. 

H, A. Sissons and G. Hadfiei/D. The influence of cortisone on the repair of 
experimental fractures. 

*jVlABy Bauber and A. Dklatotay. The effect of the plasma of animals treated 
with cortisone on the growth of macrophages and fibroblasts in tissue 
culture. 

F. R. IMagarey and J. Goxtgh. The effect of cortisone on the reaction to silica 
in the peritoneal cavity. 

H. Hampeud. Circulation of blood and localisation of pathological processes 
in the liver. 

J. V. T. Gostling. Observations on the viability of cells of sarcoma 37. 

jM. a. Epstein. The effects of cold and desiccation on the cells and virus of 
the Rous sarcoma. 

*W. Gomie and D. H. Collins, Eiy’-sipelotlirix arthritis in rabbits. 

Elizabeth INI. Harper and G. B. S. Roberts. Experimental actinomycosis 
in mice. 

A. r>E iMiNjER. Hypothermia, thyroid gland and hepatic glycogen. 

J. B. Dugotd and G. S. Anderson. The pathogenesis of hyaline arteriolo- 
sclerosis. 

A. L. Wells. Arterial changes in coal workers’ pneumoconiosis, 

Ian RANNIE. Observations on the pathogenesis of cholesterol lesions in rabbits’ 
arteries. 

A. H. Cruickshanr. In-vivo studies of the resistance to infection in alloxan 
diabetes, 

C. V. Harrison. Long survival in Hodgkin’s disease. 

A. M. Barrett. Hypoplasia of the internal jugular veins associated with 
aneurysm of the great vein of Galen and cerebral arterio-venous hamartoma. 

L. Dmochqwski, L. Hoyle and K. D. Passey. Immunological studies of the 
milk factor. 

R. J. O’Connor, The action of acridine compounds on cell division. 

*W. St. C. SYatisiERS and D, F, Barrowclut. Platelet tlirombosis syndrome. 

J. IsL Raptalin and G. H. Cushnie. Pathology of bracken poisoning. 

H. E. Hutchison, J. A. IMilne, A. Porter and J. B. Rennie. Further experi¬ 
ments with H.P.C. 

R. PiRRiE. Tlie effect of splenectomy and reticulo-endothehal blockade upon 

the ansemia of lead poisoning in guinea-pigs. 

E. S. Duthie. Mode of action and antigenic properties of coagulase, 

S. D. Elek. Some observations on a proteophage. 

E. M. Brieger and A. M. Glauert. Reproduction in mycelial strains of avian 
tubercle bacilli. 
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1049 ; Blunt et aL, 1950), Taubenhaus and Amromin (1960) and Coste et al 
(1961) found that cortisone had a similar inhibitory effect on granulation-tissue 
production in turpentine abscesses in rats. The present investigation was 
undertaken to determine whether the plasmas of animals treated with cortisono 
have a direct action on the growth of fibroblasts and macrophages in vitro* 

Cultures of fibroblasts were prepared from the liearts of chicken embryos; 
for macrophages guinea-pig spleens were used. Tests were carried out on 
initial cultures without a preliminary period of normal growth. Small fragments, 
about 1 mm. in diameter, were placed in 1 drop of an extract of guinea-pig 
spleen and 1 drop of heparinised guinea-pig plasma was added. At least 16 
cultures were used for each plasma tested and the growth was compared with 
that of a similar series of cultures in normal plasma. 

The preparation of cortisone used throughout was cortisone acetate (Merck). 
This was administered to guinea-pigs by three routes: subcutaneous, 1 mg. 
per 30 g. body weight once daily for 3 days, the animals being bled on the fourth 
day; intraperitoneal, a single dose of 25 to 6 mg. 1-4 hours before bleeding; 
intravenous, 25 mg. 1 minute-2 hours before bleeding. 

With this large dosage many animals showed signs of exhaustion at the time 
of bleeding and some even died before blood had been taken. Furthermore, 
the plasma of a number of animals which were ill contained microorganisms, 
and other plasmas showed evidence of hyper-coagulability. In all, 20 plasmas 
suitable for tissue culture work were obtained from treated guioea-pigs. 

Of the plasmas of 20 animals treated with cortisone, 11 showed a marked 
inliibitory action in tissue cultmes; of these, 7 inhibited the growth of both 
fibroblasts and macrophages and 4 inhibited the growth of fibroblasts but had no 
apparent action on spleen cultures. La many instances the inhibition of growth 
was complete and with other plasmas where growth did occur it was often atypical 
and showed signs of early degeneration. Of the plasmas of 6 guinea-pigs treated 
with large doses of de-oxy-corticosterone acetate, 4 showed no significant effect, 

1 inhibited the growth of fibroblasts and macrophages and 1 stimulated the 
growth of both types of cell. 

Centrifuged washed deposits of cortisone crystals were resuspended separately 
in the plasma of 6 normal guinea-pigs. After incubation at 37° C. for 2-48 hours 
the mixtures were centrifuged and the clear supernatant was used as plasma for 
tissue cultures. In all 6 instances these treated plasmas caused an almost 
complete inhibition of growth of fibroblast and spleen cultures. 

La an attempt to determine whether the inhibitory plasmas from the above 
experiments were cytotoxic as well as inhibiting growth, 6 such were tested for 
their effect on the chemotactic movements of polymorphonuclear leucocytes. 
In 2 instances the movements of leucocytes suspended in these plasmas were 
normal. The other 3 plasmas caused an almost complete inhibition of chem(^ 
taxis, but when the leucocytes were separated by centrifugation and resuspende 
in normal plasma the power to respond to chemotactic stimuli was restore 
Thus in no instance were the cells killed. 

It is clear from the results here recorded that the plasma of gumea-pi^ 
treated with large doses of cortisone in many instances strongly inhibits t e 
growth of fibroblasts in tissue culture in vitro and in some instances that of macro 
phages also. In view of the large doses used this direct effect cannot be regar e 
as physiological. Similarly large doses, however, have been used in most o t e 
experimental studies on the inhibition of granulation tissue by cortisone tn vivo* 


REFERENCES 

BLxmr, J. W., Jr„ Plotz, C. M., 1950. Proc. Soc. Exp. Biol. Med., torn, 

Lattes, R., Howes, E. L., 678. 

T^Ibyer, K., and Ragan, C. 



r* rfiprj. 

19S, 

GJr V^°"’£S, c r n. 

T^V^ '- W«. ^ 89. 

G. iir.. 7JS. • '®*p. 5,0/. ^ 

"“iRojnw, ,„,. "“"^v 

» 7^ 






r'^Jopedoovo^L^^'t-u-es these a:;‘^“,« SR.„o ''r 

??,;»''■■■ CTc; 4 .fe~"r“^ 

°'' “SdffC ">‘™v 

g#ts« 


““omatogroph |?‘ n-ere thg /^‘^““Sht fo ox^ d*“ ‘®“''od'’to“t 

-r:Sl 



552 


PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 


were frequently encountered. But polymorphonuclear heterophile leucocj^es 
were often plentifully diffused through the stratum synoviale, and small pockets of 
suppuration were occasionally seen. Joint exudates were mucinous and turbid 
not usually frankly purulent, and contained 60 to 80 per cent, of granulocytes] 
the remaining cells being monocytes and lymphocytes. Cartilage destruction 
or digestion was not seen, and adherent sjmovial pannus was found only at the 
margins of the cartilages. A chronic inflammation in the marrow spaces of the 
bone ends and reactive sub-periosteal osteogenesis were sometimes noted. 
Arthritic animals are being kept alive with a view to studying late cicatricial 
changes in the joints. These have not yet been seen. 

Blood cultures were occasionally positive during life (3 out of 16), but, 
in animals coining to necropsy, blood and spleen cultures were consistently 
negative, with the exception of one animal with bacterial endocarditis. Joint 
cultures have been positive in 22 of 48 artliritic joints examined after death. 

The original strain of E. rlixmopatliica was No. 1224 of the National Collection 
of Type Cultures. We have not so far been able to detect any variation in the 
pathogenicity of this strain as the result of rabbit passage, 

A verrucose bacterial endocarditis with large vegetations on the mitral 
valve was found in one animal. Lymphocytic infiltration in the portal 
tracts was seen in many livers but no parenchymatous necrosis. Light peri¬ 
vascular cuffing by Ijunphocytes was seen around some small coronary branches 
in two hearts, but, so far as we know, arthritis was the sole constant major 
pathogenic effect of E. rhxmopatMcB infection under the conditions of our 
experiments. 
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PLATELET THBOIMBOSIS SYNDROIME 

W. St. C. Symjiebs and D. F. Barrowclitf 

From the Department of Pathology, University of Birmingham, and the 
Central Pathological Laboratory, Wanoick 

The so-called platelet thrombosis syndrome (tlirombotic tlirombocjdopenic 
purpura, thrombocytic acroangiothrombosis) has not attracted much attention 
outside the United States. We have recently seen the following case. 

A previously healthy man, aged 40, developed mild sciatica associated with 
early sacro-iliac ank^dosis. Four months later he developed hsematuria with 
granular casts and 0*2 per cent, of protein in the urine, which previously was 
normal. His blood urea was 146 mg. per 100 ml., Hb, 10*4 g., erythrocjdes 3*9 
million per c.mm. and blood pressure 160/90. Acute nephritis was diagnosed. 
For six weelis the patient had intermittent pyrexia with disproportion^e 
tachycardia; hsemorrhagic retinopathy developed and anaemia increase , 
nitrogen retention, proteinuria and haematuria diminished. Transitory menta 
and neurological disturbances ocemred. Examination of the cerebrospina 
fluid showed: protein 40 mg. per 100 ml., globulin test (Pandy) faintly positive, 
cells, sugar and chlorides normal. He was treated by blood transfusion, penic in 
and streptomycin. After the streptomycin course severe hallucinosis occurreci 
during four days. Thereafter, blood urea fell rapidly to 38 mg.; proteinuria, 
macroscopic heeraaturia and fever disappeared; Hb. rose from 7 to 9*2 g-» 
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Laboratory findings include thrombocytopenia and severe normocytic 
normochromic ansemia, often with a high reticulocytosis and possibly circulating 
normoblasts. Leucocytes are usually little altered, but immature cells may 
be numerous; the picture has sometimes been described as “ leukosmoid 
Bleeding time is prolonged, clot retraction defective and clotting time usually 
normal. Excess globulin and moderately raised total protein have been found 
in the cerebrospinal fluid. 

Macroscopic findings at necropsy are not characteristic. Histological 
examination reveals wide dissemination of the remarkable vascular changes 
described above. 

The JEtioIogy is unknown. Allergy has been suggested, and sensitivity to 
sulplionamides noted. Relationship to the so-called collagen diseases seems 
likely. Coexistence of tj^ical lesions of platelet thrombosis, disseminated lupus 
erythematosus and polyarteritis nodosa has been observed; a family history 
of the latter diseases has been noted twice in cases of platelet thrombosis 
syndrome. 

The syndrome has twice been correctly diagnosed during life. It should 
be recognisable oftener. Biopsy might prove diagnostic : muscle biopsy nine 
weeks before oiir patient’s death was normal, No effective treatment is loiown. 
Splenectomy possibly accelerates death. The apparent relationship to the 
collagen diseases suggests that cortisone or ACTH may prove valuable, 
particularly if the diagnosis is made early. 

We are indebted to Dr S. R, F. Whittaker, Leamington Spa, and Dr V. V. 
Kalbian, Stratford-on-Avon, for access to the clinical record of the case 
described here. 
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A NOTE ON TUBERCULOSIS IN THE FERRET 
(MUSTELA FVRO L.) 

C. N. Idand, W. St. C. SYiiTvnsRS and A. P. D. Thomson 

From the Department of Bacteriology, University of Bristol, and Departments of 
Pathology and Anatomy, University of Birmingham, 

The ferret is highly susceptible to experimental infection by 
tubercle bacilli but relatively insusceptible to human and avian strains ( un in 
al., 1929; Goret and Marietta, 1939). Spontaneous tuberculosis is coininoner i 

the few reported observations might suggest (Dunlcin et al.; Balling an nan, 

1935 ; Spanedda, 1941). Maclntjure {personal communication) observed tn 
as many as 60 per cent, of ferrets obtained from dealers may ® . 

avian tubercle bacilli, which cause an insidious, Yersin type of ^ » gg 

with splenomegaly, in contrast to the extensive gross lesions typica o 
common infection by bacilli of the bovine type. Infection resets , 
with sick poultry or infected milk or meat, and is preventable. o 
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Only occasional histiocytes, many of them containing one or two bacilli, were 
found in any of the other tissues. 

The organism is a short, strongly acid-and-alcohol-fast bacillus which grows 
slowly on Dorset’s egg medium, Lowenstein-Jensen medium and inspissated ox 
serum. Its growth is not augmented by adding glycerol to any medium or by 
incubation at 41® C. Scarcely any yellow pigment is produced, and the growth 
is fiat, dry and confluent. Smears do not show the clumps and twisted coils of 
bacilli characteristic of smears of most strains of tubercle bacilli; instead, the 
organisms are spread remarkably evenly with a fairly vmiform distribution. 
The organism is pathogenic to the rabbit (dose of 0*001 mg. intravenously), 
guinea-pig and ferret, but not to the rat. The results of inoculation of birds 
are not yet available. He-isolated from the experimentally infected ferret, 
the organism showed the same cultural characteristics and pathogenicity as 
previously. 

An interesting feature was that the acid-and-alcohol-fast organisms in smears 
of exudate and excreta from the original ferret and in sections of its tissues 
were also strongly Gram positive when stained by the ordinary methods at 
room temperature. In cultures and in the tissues of animals subsequently 
infected, including the second ferret, this staining characteristic is not so 
apparent. 

Wo ore indebted to Dr C. D. Cruickshank, Bromsgrove, for looking after the 
animal which was infected experimentally, and for his help with the bacterio¬ 
logical studies. 
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THE FORJIATION OF ABNORMAL DIPHTHERIA 
ANTITOXIN IN THE EARLY STAGES OF Bl- 
MUNISATION 

Moilie Babr 

Trom the Biological Division^ Wellcome Beaearch Ijaboralonos, 
Beckenham^ Kent 

It has long been knoTO that qualitative differences may exist amoi'^g 
diplithena antitoxic sera, so that their curative po^er m ammal 
experiments may not be solely dependent upon the antitoxic value 3-3 
determined by standard methods It is always possible that sera of 
\t>Y\ cmaYvfe mtjy 

necessary’’ antibodies Nevertheless there is much evidence that the 
generallj recogmsed antitoxin present in. samples of sera from different 
permimimised horses may vary quahtatively in the efficiency with 
■vvluch it neutralises the appropriate toxin The term “ avidity ” 
uas introduced by Kraus to describe this qualitative property (soo 
ICraus and Schwoner, 190S , ICraus and Baecher, 19Z3) 

It IS probable that all workers expencnccd in the comparison of 
samples of antitoxin by in vi\o methods have the same genei^al 
conception of the meaning of avidity Two factors contributing to 
tins pioperty are the speed of combination of the antitoxin with 
toxin {Madsen and Schmidt, 1926, 1930) and the firmness of the 
combination (Glenny and BaiT, i032a and b) At the present tnno 
these properties cannot be fully measured by an in-vitro test It 
thciefoie seems unfortunate that some workers now use the word 
a\idit 3 to describe certain manifestations observed in the titration 
of other types of antibody by in intro tests only 

Madsen and Sclmuclt (1926) found that an Lo mixture (t e one just ncn 
toxic to giimea pigs after subcutaneous injection) of a certain toxin with a 
fast flocculating antitoxin xm non toxic to rabbits xvhon injected latfa 
lenously immediatelj after preparation 4 aimdar mixture prepared with a 
sloxv flocculating serum was lethal to rabbits until li hours after preparatidu* 
a vsrs aicT—rot txm 2n 
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These two sera were further compared by injecting them intravenously into 
rabbits one hour after the intravenous injection of 6 M.L.D. of toxin. Whereas 
10 units of the fast serum were sufficient to save the life of the rabbits, 160 units 
of the slow serum were needed. These results indicated that speed of flocculation 
might constitute a useful measure of a\udity. 

It was suggested by Glenny and Llewellyn-Jones (1931) and Gleany and 
Barr (1932a) that the quality of antitoxin was related to its serum ratio 
in-vivo value 

in - vi^ o value flocculation ; sera of comparable avidity 

may have widely different flocculation times. ^Vhereas the in-vitro value of 
an antitoxin can in general be represented by a constant figure, the in-vivo 
value of a non-avid antitoxin varies according to the conditions of the test 
and is lower than the in-vitro value when determined under standard conditions. 

That mixtures of toxin with non-avid antitoxin might dissociate and become 
toxic on dilution was shown by Glenny, Pope and Waddington (1925). They 
found that certain mixtures which produced no reaction in guinea-pigs after 
intracutaneous injection in the undiluted state, produced toxic reactions if 
injected after being diluted 1 in 100. 

Extending this work, Glenny and Bait (193:25) studied the effect of intra¬ 
cutaneous injection into guinea-pigs of different dilutions of the same mixture 
of toxin and non-avid antitoxin. No reactions were produced by dilutions of 
I in 100,000 or weaker because insufficient toxin was present; nor were reactions 
caused by dilutions of 1 in 100 or stronger because the toxin was all combined 
with antitoxin. Tlie injection of dilutions between 1 in 2000 and 1 in 50,000 
was followed by the appearance of typical toxin reactions caused by toxin 
dissociated from combination on dilution tn vitro. Slightly stronger dflutions, 
1 in 200-1 in 1000, produced unusual reactions in the form of rings of varj^ing 
width with an outer diameter of 12-16 mm. or more. The development of such 
reactions suggested that further dilution of the mixtures in the tissue fluids, on 
diffusing out from the site of injection, had brought about dissociation after 
injection. 

Further evidence of dissociation of mixtures tn vivo was obtained from the 
results of intravenous injection of different volumes of the same mixture of 
toxin and non-avid antitoxin into rabbits (Glenny and Bair, 19325). Doses 
of 1*0 ml. or more were non-Iethal to rabbits, but doses between 0*001 and 
0*5 ml. caused death. This was ascribed to the liberation of toxin from the 
mixture on dilution in the circulation of the animals after intravenous injection; 
some doses had undergone an additional earlier dilution in vitro. The dilution 
of the larger, non-lethal doses was assumed to be insufficient to bring about the 
dissociation of a fatal dose of toxin. Dissociation can occur on diluting mixtures 
which have stood for several weelcs ; this suggests that the combination of 
toxin with some at least of the non-avid antitoxin is loosely linked and does 
not become firmer with time. 

A quantitative measure for use in the comparison of avidity of different 
samples of diphtheria antitoxin was introduced by Glenny and Barr (1932a). 
Their procedure consists in the titration by the guinea-pig intracutaneous 
method of antitoxin at two levels of dilution. The volume of antitoxin necessary 
to neutralise the Lr dose of toxin in a total volume of 2 ml. is divided by tha 
required to neutralise to the same end-point in a volume of 200 ml., and the 
resulting figure is termed the “dilution ratio”. The antitoxins of wliich a 
greater volume is necessary for neutralisation in the 200 ml. test are relative j 
non-avid and have a dilution ratio less than 1*0. In the titration of 
quality antitoxins, on the other hand, the same or a shghtly lower volume o 
serum is required to neutralise the test dose of toxin in the more dilute 
The actual value obtained for the dilution ratio depends upon the toxin use 
in titration (Barr, J949), the more toxic the toxin, in terms of the number 
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JLR.D. per Lr dose, the louver the dilution ratio* The dilution ratio of most 
sera, hoxrover, vrlien referred to that of a suit-able chosen standard antitoxin, 
•was found to be constant within the limits of error, whatever toxin was used, 

Expjibbiej^-tal 

It is probably laiown to most observers engaged in testing the 
antigenic efRciency of diphtheria prophylactics, that non-avid anti¬ 
toxin is frequently produced by the test guinea-pigs. This was first 
pointed out by GIonn 3 % Barr, Ross and Stevens (1932), and recently 
Jeme and Haaloe (1949) using a modification of the dilution-ratio 
test of Glenny and Barr (^932^^) obtained lower fciferes for such sora 
when tested at a liigh dilution. The first example of non-avid anti¬ 
toxin-production in guinea-pigs was recorded by Glenny (1913-14) 
before the significance of the finding was understood. Antitoxin of 
•extreme non-avidity is often present in the sera of guinea-pigs one 
month after a small single injection of purified toxoid adsorbed on to 
mineral carriers. It is not possible to measure the dilution ratio of 
such antitoxin because the titre is too low, but rough tests on pooled 
samples have shovm that more than three times as much antitoxin 
may be needed for neutralisation if the test mixtures are diluted lO-fold 
before injection. In the routine titration of such samples, large faint 
positive reactions ma}’' bo seen in the guinea-pigs used as indicators, 
and any attempt at close testing reveals the long range between the 
nil end-point and that at which a good positive reaction is obtained. 
These findings are evidence of non-avidity. 

The reason for the appearance of this typo of antitoxin has not 
been in'V’^estigated, and at one time it ubs supposed at these laboratories 
that it might be a property of this particular species of animaL 
Recentty, however, evidence of non-avidity has been observed in the 
titration of certain sera from human subjects bled 14 days after a 
boosting dose of prophylactic (unpublished). Petrie (1942-44) also 
found that antitoxin produced by horses after a single dose of tetanus 
prophylactic tended to show a liigher titre when tested by the mouse 
method tha 2 i by the guinea-pig method. TJie lower titre obtained 
in guinea-pigs was assumed to be due to dissociation of the test 
mixtures after absorption and dilution in the body fluids, this effect 
being greater in the larger animal than in the smaller one (see Glenny 
ef «?., 1932). 

Tlieso findings suggested that the quality of antitoxin produced 
might be connected Avith a low degree of immunity such as exists 
in prophylaxis. The qualit}^ of diphtheria antitoxin produced in the 
veiy early stages of immunisation has now therefore been studied. 

Materials aiid methods 

Por an investigation of this land, horses are the most suitable 
animals to use, because frequent injections can be given and relatively 
large blood samples taken as required. In the determination of the 
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dilution ratio of samples of low titre, it was necessary to modify the 
original method and the actual ratio introduced by Glenny and Barr. 
The ratio used in this work was that of the amounts of serum necessary 
to neutralise toxin at the Lr/100 and Lr/1000 levels of titration. In 
practice two toxin dilutions were used, the Lr in 10 ml. and the Lr 
in 100 ml. Varjong amounts of suitably diluted serum were added 
to 1 ml. of each toxin dilution, the test mixtures were made up to 
2 ml. with saline and 0-2 ml. of each injected intracutaneousty into 
guinea-pigs half an hour after preparation. Ring reactions were rare 
in the titration of the non-avid samples. They are usually produced 
after the injection of relatively strong mixtures, and in these particular 
titrations the mixtures were probably insufficiently strong for their 
formation. The absence of this tj^e of reaction increases the ease 
of reading the results, and in consequence the accuracy of the values 
allotted. Titrations were made at 10 per cent, differences at each 
dilution and repeated 4 or 5 times. It has been found advisable to 
accept as neutral mixtures those containing the minimal amount of 
free toxin. By allotting figures to reactions graded according to size 
and intensity, it is possible to calculate the composition of such 
mixtures. 


Results 

In the first experiment, a dose of 5 ml. (250 Lf doses) of diphtheria 
prophylactic alum-precipitated toxoid (A.P.T.) was injected intra¬ 
muscularly into a number of so-caUed normal horses. Blood samples 
were taken 10 and 14 days later and subsequently at weekly intervals. 
Some of these horses had low titres of circulating antitoxin before 
injection and were therefore “ naturally immune ”. Others with no 
detectable antitoxin before injection responded by measurable anti¬ 
toxin-production 10 days later and were classed as “ potentially 
immune ”, and the remainder had no detectable antitoxin either before 
or 10 days after the injection of A.P.T. These horses were classified 
as “ non-immune ”, but some might have possessed a low-grade 
potential immunity. 

It is not possible to titrate at the Lr/100 level, under the conditions 
of this experiment, sera of lower value than about 0‘2 unit per ml. 
The titres reached by the naturally immune horses, after a single 
injection, were sufificiently high for samples to be titrated for aviditj'- 
The potentially immunes and non-immunes, however, required two 
injections in order to produce a high enough titre for dilution-ratio 
measurements to be possible. Values of the dilution ratio for 
individual horses are given in table I: values for the immune 
horses are those after one injection, and for the other groups those 
after two injections of A.P.T. . , 

It is clear that considerable differences in values were obtamed 
in the different groups. Nearly aU the naturally immune horses 
produced antitoxin of average or good avidity, six of the eight dilution 
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xatios being over 1 0 All horses m the non-immime group produced 
uon-arid antitoxin after two injections of A P T, the majouty being 
veiy non-avid, all the ddution ratios for liorses in this group were 
lo\\er than any recoidod m the naturally-immune group after one 
injection Onl) three potentiallj immune horses were mjected, and 
the \ allies m the second column of table I show that their average 
dilution ratio uas intermediate betueen those for the other two groups 


Tabix I 

Voluca of the dilution ratio of antitoxin produced by “ normal '' horses 
10 14 days after injection vnih APT 


NaturaUj immuiw hor«cs 
(after 1 IdJccIiow) 

rotcntlallv Immune liorses 
(illtr SlnjfcUons) 

Jion Immune lior^ea 
(flfler 2 JnjeetJon^) 

1 09 

0 00 

0 71 

1 07 

0 81 

0 70 

1 07 

0 04 

0G9 

1 00 


0 65 

1 04 ! 


0 03 

1 02 


0 60 

0 94 

i 

OGO 

0 87 


0 50 

1 Uerage^ 1 02 

1 9 7S 

0 035 


The results m table I strongly suggest that a lelationship exists 
between the degree of immunity of the animals and the quality of 
antitoxm produced by them after injections It is perhaps suipnsmg, 
howe\ er^ that such a marked difference m dilution latio should exist 
between non immune horses aftei receivmg two mjections of A P T 
at an mten al of a month and other liorses receiving one such injection 
after earher stimulation from natural infection Several unknown 
factors are connected with naturally immimo horses These include 
the number of natural stimulations and their duration together 
\nth the time between the last of these and the injection of A P T 
It IS possible that relatn ely weak stimulation continued over a long 
period, as may occur m infection, may predispose an animal to produce 
antitoxin of good quality Further, the quality and nature of the 
antigen produced in infection m living tissue may dififor considerably 
from that produced artificially in media 

In order to determine whethei the dilution ratio changed aftoi 
the peak of production 10 14 days aftei mjection, further blood 
samples were tested at ■various intervals, and the results are shown 
in table II Althougli a maximum error of about 10 per cent could 
theoretically be expected m the measurement of the dilution ratio, 
that obtained in practice is usually considerably lower. It u as show n 
(Barr, 1949) m the determmation of the dilution ratio of fourteen sera 
against five diffeient toxins, that the ratio could be measured with 
extreme accuracy agamst one of the toxins The values obtamed for 
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the fourteen sera against this toxin all fell within ±3 per cent, of the 
expected values calculated from means involving aU five toxins and 
all fourteen antitoxins. The toxin used in the present experiment 

Table H 

Values of the dilution ratio of diphtheria antitoxin in serum from 
horses bled at different times after injection with A.P.T. 


Horse no. 

Time after injection 

Greatest 
discrepancy 
(per cent.) from 
mean value 

10-14 days 

4 weeks 

6 or 8 weeks 

7044 

1*04 

1-06 

0-98 

4'6 

7039 

1-02 

1-06 

1-01 

2-9 

7149 

1-06 

1-05 

1'03 

1*6 

7145 

1-07 

1-08 

1*06 

0*93 

7144 

1*09 

MO 

MO 

0-64 

7000 

0-90 

0*89 

i 0*83 

4-9 

7038 

0*64 


0-67 

2-3 

7046 1 

0*70 


0-68 

1*4 

7023 1 

0-47 


0*46 

M 

7042 

0*63 

... 

0-62 

0*80 


was of the same general t 3 ^e as that referred to in 1949, and the 
greatest discrepancy from the mean value is under 5 per cent, (table II). 
It is therefore probable that none of these changes in dilution ratio 
was significant and that any change of 10 per cent, would be well 
outside the limits of experimental error. 


The effect of successive injections on avidity 

Eurtber injections of A.P.T. were given to some of the horses and 
the quality of the antitoxin again investigated by dilution-ratio 
determinations. The results obtained are shown in table III, which 
includes later values for a few other horses that responded too poorly 
for dilution-ratio measurements to be made after two injections. It 
will be seen that, within the limits of error of the test, there was no 
change in dilution ratio after the second injection of A.P.T. into the 
horses that had normal antitoxin at the start of the experiment. 
Subsequent injections brought about a slight steady increase in horse 
7284; this horse had an extremely low normal titre before injection 
and might be expected to have had poor potential immunity at the 

start of the experiment. _ 

It wm be noted that four horses in the immune group received 
only two injections of A.P.T. Further injections were not given to 
these horses because they made considerable responses to the second 
injection; the stage reached after two injections was that of early 
jjyperimmunisation, as compared "with a stage of advanced prophylaxis 
reached after one injection. Whereas the average titre of these homes 
was 6-0 units per ml. after one injection, it rose to over 50 umts atter 
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the second injection The two remammg horses received additional 
injections, and 7284 reached a value of 15 units only after the fourth 
and fifth injections , 7206, which had 40 units after the third injection, 
T\as intermediate between 7284 and the remainder It will be noted 
that the dilution ratio of sera from tins horse remained remarkably 
•constant after successive injections, and it appears from table III 


TABiiE nr 

The effect of successive %njections of AP T on the dilution ratio 
of antitoxin produced by horses 


Horse no 

Norm'll Immimltj stite 

Dilution ratio 14 daja aUer Injection no 

1 

2 

3 

4 

5 

C 


Naturally immune 







7144 

antitoxin 0 01 unit/ml 

1 09 

1 02 





7145 

„ 0 004 

1 07 

1 09 





7149 

0 04 

1 00 

1 00 





7044 

„ 0 002 „ 

1 04 

0 96 





7284 

„ 0 0005 „ 

0 94 

0 93 

1 00 

1 08 

1 11 

1 12 

7206 

0 001 


1 03 

1 02 

1 02 

1 01 

1 00 

7000** 

Potentially immune 


0 90 

0 99 

1 04 

1 01 

1 00 

7038** 



0 04 

0 90 

1 00 

1 03 

0 98 

7204 



0 81 

0 975 

0 99 

1 02 

1 01 

7203 




0 01 

0 94 

0 98 

1 01 

7207 




0 82 

0 90 

0 93 


7216 




0 75 

0 825 

1 01 

1 00 

7046** 

Non immune 


0 70 

0 00 

0 93 

0 99 

1 00 

7042** 



0 G3 : 

0 99 

1 01 

1 07 

0 94 

7040** 



0 60 I 

0 78 i 

0 99 

1 00 

0 96 

7023** 



0 47 

0 89 

0 99 

1 01 : 

1 00 

7222 



0 71 

0 81 

0 85 

1 01 


7261 



0 69 

0 81 

0 91 

0 99 

1 03 

7288 



0 65 , 

0 79 

0 94 

1 00 

0 94 

7292 



0 60 

0 77 

0 86 

0 91 

1 01 

7285 



0 50 ' 

0 68 1 

0 66 

0 87 

0 91 

7259 



* i 

0 74 i 

0 82 

0 95 

0 91 

7283 



* 

* 

0 58 

1 0 76 

0 79 

7289 



♦ 

* 

* 

0 81 

0 82 


** Interval between second and tlnrd injections 4 months intervals for remamder, 
1 month 

* Antitoxic values too low for dilution ratio determinations 


that. With the e'^ception of 7284, the quahty of antitoxm produced 
had reached a steady level after one mjection Horse 7284 had the 
lowest normal titre and was the poorest responder in the group 

The remaimng horses, whether classified as potentially immirne 
or non immune at the time of the first injection, produced antitoxm 
of better quahty after successive mjections, with a suggestion of a 
maximum level eventually bemg reached Although some of the 
increases in value of the dilution ratio may appear to be withm the 
limits of error of the test, the progressively mcreasmg trend gives 
sigmficance to the changes recorded 
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There is a suggestion that a fall in dilution ratio may have occurred 
in some cases after reinjecting horses which had reached the stage of 
producing good quality antitoxin. This occurs to an appreciable 
extent in three of the naturally immune horses after their second 
injection and in a few of the original potentially immunes and non- 
immunes after the sixth injection. In the majority of such cases the 
faU in dilution rsitio is just within the estimated error of the test, but it 
appears worth while to investigate the matter further. The dilution 
ratios recorded in table III are all those of samples taken two weeks 
after injections were given. It is possible that when potential immunity 
has reached a relatively high level, higher than that of the majority 
of horses whose values are shown in table II, changes in avidity may 
occur with time, in the absence of reinjection, and that the value of 
the dilution ratio of antitoxin two weeks after injection may be low. 
This tentative suggestion is based on results shown in the figure and 
discussed later, but it should be noted that in most cases in which a 
faU appeared to have occurred there was considerable antitoxin- 
production at this stage, as noted above, for some naturally immune 
horses after two injections. 

The figures in table III suggest that initial difierences in power 
to respond and in degree of potential immunity may play an important 
part in the determination of the number of injections necessary to 
produce antitoxin of good avidity. Evidence of considerable difierences 
in potential immunity and power of so-called normal horses to respond 
to prophylactic injections of A,P.T. has already been furnished (Barr, 
1950). It has already been pointed out, on the evidence provided in 
that paper, that some of the horses classified in tables I and III of 
this paper as non-immune may in fact have been potentially immune 
before any injections were given. 

Consideration of table III shows that some of these non-immune 
horses (7046, 7042, 7040, 7023) produced antitoxin of slightly higher 
dilution ratio after the third and fourth injections than did some 
of the potentially immunes (7203, 7207, 7216). There are two 
possible reasons for this; the first that all these horses were actually 
potentialljT- immune and that those classified as non-immune had 
the better power of response; alternatively, that the longer interval 
between the second and third injections given to the last-named 
horses favoured an earlier improvement in the quahty of antitoxui 
produced. This difference in interval between injections may account 
for individual differences in the potentially immune group, and for 
the difference between the first four “ non-immunes ” and the remainder 
of the group. 

It will be noted that dilution-ratio values are not recorded or 
some horses until they had received three, four or five injections. 
The reason for this was that titres produced earlier were too low or 
dilution-ratio measurements to be made. Such horses can there ore 
be regarded as relatively refractory to immunisation, and in genera 
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they required more injections than othera in the same group before 
antitoxm of reasonably good avidity was produced For example, 
the dilution ratio for horse 7289 (foot of table III) after five or six; 
injections of A F T ^\as of the same order as that produced by many 
other horses after only three mjections 

There is thus a strong mdication that the number of mjections 
necessarj!^ before antitoxm of good avidity is produced depends on 
the normal immunological state of the animal, this state includes 
the power of response to stimulation and the degree of potential 
immumty It is possible that some ammals are incapable of produemg 
avid antitoxm 


Increase %n dilution ratio loitU time 

It was concluded from the results showm m table II that no change 
m dilution ratio occurred after the peak of production 10-14 days 
after injection, o^er the period durmg winch observations were made 



Fro —^Tlio titre and dilution ratio of antitoxin m a naturally immune person at different 
times after a boosting doso of punfiod toxoid 

A definite increase ■was recorded, however, m blood samples taken 
from a person at diiSerent times after a boosting dose of purified 
toxoid The antitoxic titres and values of the dilution ratio of these 
samples are sho'wri m the figure verj’' non a-vid antitoxm was present 
two weeks after mjcction and a slow improvement occurred m course 
of time There was insufficient serum to determine the dilution ratio 
of the 22 week sample 

It is possible that the first, rapidly produced antitoxm appearmg 
after secondary stimulation of an imporfectlj’- de\ eloped mechanism, 
may m certain circumstances be of the same loosely combining type 


Dilution ratio 
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as that produced in response to an earlier stimulation. Antitoxin 
of better avidity may conceivably be formed more slowly, after the 
initial hurried production has ended. Although no blood sample was 
taken before the 14th day after iniection it is probable that very rapid 
production occurred in this person, because the value of the 14-day 
sample was 61 units per ml. and a considerable fall was recorded for 
some weeks before flattening of the curve occurred. 

The absence of any measurable increase in the dilution ratio of 
antitoxin in the horses shown in table II may be due to certain 
conditions of the experiment, for example the use of a precipitated 
antigen. On the other hand, as suggested earlier in this paper, an 
increase in dilution ratio without further injection might occur in 
horses at a later stage in prophylaxis when basal immunity was 
better but still not fully established. It is interesting to note that the 
person in this experiment probably possessed good potential immunity; 
at the time of the injection he had 0-24 unit of diphtheria antitoxin 
per ml. though he had never received any injections of prophylactic 
previously. 

Discussion 

The results recorded here show that antitoxin produced in the 
very early stages of immunisation is of poor quality. This early 
antitoxin is only capable of fixing toxin loosely and not until a later 
stage can it neutralise firmly. This suggests that the production of 
non-avid antitoxin in hyperimmunisation may frequently he due to the 
forcing of the antibody-producing mechanism before it is fully equipped. 
A horse insufficiently prepared for hyperimmunisation may be unable, 
under the strain of frequent, increasing doses of antigen, to increase 
the output of antitoxin and at the same time improve its quahty. 
Hyperimmunisation may thus result in the production of antitoxin 
of low titre and poor avidity, for it has been shown (Barr and Glenny, 
1945-46) that there is a relation between quantity and quality in the 
liyperimmrmisation of horses producing diphtheria and tetanus anti¬ 
toxins. A relation was foimd between the antitoxic titre and the 
serum ratio. 

It was suggested (Barr, 1950) that the term “ basal immunity 
might well be reserved for a standard of immunological preparation 
of an animal adequate for a particular purpose. This should at all 
times include a high degree of potential immunity, but it now appears 
that for hyperimmunisation an adequate standard is reached only 
when the animal is producing antitoxin of good quality. 

It is well Imown that in the production of tetanus antitoxin in 
non-immune horses rest is necessary after the preliminary injections 
given to establish basal immunity. If hyperimmunisation is starte 
before tliis basal immunity is well estabhsbed, antitoxm of 
and poor avidity results. During the period of rest it is proba e 
that the antitoxin-producing mechanism continues to develop in ® 
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process of continued production \rithout injection, and that the quality 
of the antitoxin formed slowly improves with time. That this 
phenomenon can occur very soon after secondary stimulation is 
shown in the figure. The effect of a course of injections given before 
this improvement had been achieved might be a delay in reaclung 
this state through the forcing of an imperfectly operating mechanism, 
insufficiently developed to deal with largo quantities of antigen. It 
is shovTi in table III that a delay of 3 months from the second to the 
third injection of A.P.T. may be beneficial regarding the quality of 
antitoxin produced. 

Petrie attempted to prepare tetanus antitoxin in a horse that 
had not received the usual preparatory doses of toxoid followed 
by a resting period. Although an efficient antigen ^vas used, the 
antitoxic titre reached was under 50 International units (1928) after 
two courses of immunisation- It is clear that the antitoxin was 
extremely non-avid, for the ratio of the value found by testing in 
mice to that found in guinea-pigs was >340/100, “ the most discrepant 
inverse ratio met 'with ” in a piece of work dealing with the antitoxic 
values of sera as measured hy these methods using a number of 
different toxins. It is unfortunate that in this valuable work the 
test doses of toxin Avere fixed against a non-avid antitoxin (a former 
British standard). Because of tliis, the majority of sera used, which 
were of average a'vddity, gave lower titres by the mouse test than by 
the guinea-pig test, and no satisfactory explanation was forthcoming. 
The reason for tliis finding must have been the use of too low a test 
dose in the guinea-pig titrations in relation to that used in the mouse 
titrations. These doses had been fixed against an abnormal antitoxin 
which combined loosely with toxin, so that considerable dissociation 
occurred after injection into the larger animal, in consequence of 
which an abnormally low guinea-pig test dose was adopted. With 
one of the toxins, the ratio of the test doses (guinea-pig/mouso) was 
0*70 ; of nineteen sera tested,the range of ratios of apparent antitoxic 
values (mouse/guinea-pig) was 0*58 to 1‘51, and twelve were between 
0-63 and 0*78, nine of these within 5 per cent, of 0-69. If one of these 
antitoxins had been used to fix the test doses, the majority would 
thus have had a ratio of approximately 1 *0, and, had the ratio been 
inverted (guinea-pig valuc/mouso value), the values obtained for 
non-avid antitoxins would have been less than 1*0, which seems more 
reasonable for any ratio used to measure avidity. 

Evidence of change in quality of other typos of antibody during 
immunisation has been provided by various workers. Thus Pappon- 
heimer (1940) obtained a non-precipitating antibody in the early stages 
of immunisation of a horse with egg albumen. Heidelberger and 
Kendall (1935) found that a fraction of low-grade or incomplete 
antibody was present in all rabbit anti-egg albumen sera ; this material 
was incapable by itself of producing precipitates with antigen. This 
finding may be compared with the earlier conclusions of Barr And 
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Glemiy (1931) and Gleimy and Barr (1932a) in the fractionation of 
diphtheria antitoxic serum from hyperimmunised horses. Fractions 
of different quality ^vere prepared from a single serum, suggesting 
that all sera might contain antitoxin of different grades of avidity. 
Kekwick and Record (1941) found that the diphtheria antitoxin 
associated with the y-globulin fraction of a hyperimmunised horse 
differed in certain properties from that in the ^-globulin fraction: 
the serum ratios differed, and the composition of the floccules formed 
with toxin. They suggested that the relative proportions of the ^ 
and y components might influence the qualitative properties of 
different sera. With the exception of Pappenheimer’s work, these 
observations were made on sera from weU-immunised animals. 

It is not known whether qualitative differences observed by in- 
vitro and by in-vivo methods have the same fundamental significance. 
At the present time, avidity of antitoxins in the in-vivo sense cannot 
he estimated by an in-vitro test alone; moreover it is well known 
that precipitation or flocculation is affected by chemical and physical 
conditions. Hartley (1925) showed that after ether extraction a 
diphtheria antitoxic serum would no longer flocculate with toxin, 
though its power of neutralisation remained. 

It seems possible, however, that the first antibody appearing in 
the circulation may be “ immature ’’ as suggested by Petrie; this 
immaturity might consist in a deficiency in specific combining groups. 
As immunisation proceeds, or as the antibody-producing mechanism 
becomes more efficient, the number or spacing of the combining groups 
may approach that required for the ideal firm neutralisation of toxin 
by the antitoxin molecule. The first-produced antitoxin might thus 
be an ill-formed antibody to a well-defined antigen. 

On the other hand, the heterogeneous nature of toxins and toxoids, 
ns well as of antitoxins, requires serious consideration. Qualitative 
differences exist among crude toxins and toxoids, both as regards 
antigenic efficiency and, among toxoids, binding power for antitoxin. 
It has been shoum that the affinity of toxoids for antitoxin is roughly 
correlated with their antigenic efficiency both in guinea-pigs and in 
the hyperimmunisation of horses, and that the affiaity of toxoids for 
non-avid antitoxin is low (Barr and GlerLn 3 ^ 1949). Differences iu 
“ goodness of fit ’’ have been observed between certain samples of 
diphtheria toxin and antitoxin (BaiT, 1949) and tetanus toxin and 
antitoxin (Petrie ; Glenny and Stevens, unpublished). This may be 
shown b}^ the finding of abnormally high or low values of certain 
antitoxins when titrated against certain toxins, and Petrie obtained 
indications of higher antitoxic values when sera were titrated against 
the same toxin or type of toxin as that used in the immunisation o 
the animal. 

All these findings can be regarded as evidence of variation oi 
heterogeneity among antigens, and an example of abnormal behaviour 
in vitro was recorded by Barr and Glenny (1938). A certain diphtheria 
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antitoxin of scnim ratio 3 14 gaie a constant titio when tested by 
flocculation against eight different batches of to\m When tested 
against twenty-three different toxoids, however, higher values were 
m\ ariably obtained, the serum appearing from 9 to ov er 40 per cent 
stronger than the accepted constant v aluo recorded against immodified 
toxins 

It seems clear that the affiiutj of different antitoxins for toxoids 
shows variation All culture filtrates contain natural toxoid, and it is 
possible that the piesence of this material, which may vary m quality 
as well as m quantity, ma 3 be responsible for differences m goodness 
of fit or firmness of combmation 

Petrie suggested that crude tetanus toxms could be regarded as 
mixtures of a primary toxin molecule and an antigenic variant of it 
Tetanus antitoxic serum would hhewise consist of mixtures, m varying 
proportions, of the corresponding antitoxins Barr and Glenny (1949) 
suggested that different molecules of an antigen might hav e a common 
basic structure with sbght steric differences which assisted or hmdered 
firm combmation wuth antitoxin A similar state of affairs might exist 
among antitoxin molecules 

It IS thus possible that loose combmation might occui between 
various shghtly dissimilar antigen and antibody molecules and that 
at all stages of immumsation antitoxic sera consist of a mixture of 
well formed antibodies to a number of slightly different antigens 
As immumsation proceeds there would presumably be an increase m 
the proportion of the typo of antibody which combmes most firmly 
with the mam toxic constituent of the majority of test toxins 

SuauMAnY 

Diphtheria antitoxm produced after two injections of A P T into 
non immime horses or horses with feeble potential immunity is 
non avid The avidity progressively improves as further injections 
of antigen are given and m many instances reaches a steady level 

Although changes in avidity were not observed m these horses 
if they were not reinjected, a definite progressive improvement with 
time was observed m serum from a person after a single boosting 
dose Tins may be due to very rapid production m a person with good 
potential immumty 

The number of mjections necessary to produce antitoxm of good 
avidity depends on the normal immunological state of the horse, t e 
capacity to respond, and degree of potential immunity The spacmg 
of injections may also play a part 

It IS probable that the production of non avid antitoxms in hyper- 
immumsation is frequently due to the forcing of an mcompletely 
developed antitoxm produemg mechamsm 

The early non avid antitoxm may be an incomplete or ill formed 
antibody to a single antigen, or a heterogeneous collection of well- 
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FLAGELLATION AND TAXONOMY OF 
WHmiORE’S BACILLUS 

C. S. Bkindle and S. T. Cowan 
National CoUcctioyi of Type Cultures, Cohndale Avenue, London 

(Plate XCIV) 

Polar flagellation is characteristic of bacterial genera in the family 
Pseudomonadacese, and peritrichous flagellation of motile species m 
the families Enterobacteriacere and Parvobacteriacece. Whitmore^s 
bacillus is classified in the Parvobactenaceso by Breed e,t al, (1948) 
and m the Mycobacteriacese by Wilson and Miles (1946) but in the 
descriptions of the organism the type of flagellation is not mentioned. 
We decided to stain the flageUa of strains in our Collection; the 
technical difficulty of doing this probably accounts for the lack of 
information in the literature. 

Cultures and methods 

Strains, Wo havo eight strains of '\\niitmore’8 bacillus; their sourco and 
date of isolation are shown m the table Culturally, all the strains are t 3 T)icol 
but the older ones have lost much of their ability to ferment carbohydrates ; 

Taei^e 


Source of strains 



Strain 

Date 



KOTO 

no 

^ame 

isolated or 
received 

Source 

Reference 


Rat 

1923 (R) 

Melioidosis m rat 

Stanton and Fletcher 
(1924-25) 


Rngavinh 

1923 (R) 

Melioidosis m man 



S 397 1 

1935 (1) 1 

Monlvey (Singapore) 



S 390 

1935 (I) 

Slonkoy (Singapore) 


^ SB 

Hnigh 11787 ' 

1942 (1) 1 

Abscess (England) 

Grant and Barwell (1043) 

■ ■■ 

Homes 

1948 (R) ' 

Melioidosis m man 
(Burma) 

Homes et a 1. (1048) 

7431 

Guy’s ! 

1948 (1) 1 

Jameson (1049) 


AHS 1 

1949 (R) 

Sheep m Australia 


(I) ^ date of isolation 

(R.) = date recei\ ed m N C.T.C, if date of isolation is not known 


all are agglutmated by serum from rabbits immumsed against stram 7431. 
We have not made any animal experiments to determine pathogenicity, but 
all the strains were known to be pathogenic to guinea-pigs before deposition 
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in-the National Collection of Type Cultures, To increase motility, Craigio 
tubes in semi-solid glycerol agar were inoculated (Craigie, 1931) and incubated 
at 30° C. 

Preparation of films. Cultures were grown on nutrient agar slopes for 
10-16 hours at 30° C., and films prepared by a method shoTPn to us by iVIr E, 
Clark of Queen Charlotte’s Hospital. A drop of distilled water was put in the 
centre of a grease-free slide; the growth was touched with a straight wire 
and the tip put in the drop of water. After the wire tip had been in the water 
for 1-2 minutes the holder was lowered so that it was horizontal and the distal 
ond of the wire was in contact with the slide. The drop spread along the wire, 
and by movements to the right and to the left it was spread as a thin film, which 
was allowed to dry in the air. 

An alternative method was used for strains that were not actively motile 
on nutrient agar. These were grown for 15-18 hours at 30° C. in peptone water 
containing 0'5 per cent, glycerol. The culture was centrifuged lightly and 
four-fifths of the supernatant fluid removed. Sterile distilled water was added 
to replace about half of the fluid withdrawn. Incubation was continued for 
1 hoTir at 30° C. and a loopful spread by Clark’s method. 

Fixing and staining. Films were fixed in Kirkpatrick’s mercuric fixative 
i(Muir and Ritchie, 1927) for 1-2 minutes, and then washed with water. 
Kirkpatrick’s mordant (Browning and Mackie, 1937, p. 124) was applied for 
15-20 minutes, the film washed, and the slide dried on edge. Kirkpatrick’s 
silver solution (Browning and Mackie, p. 125) was filtered on to the dry film, 
heated gently until a metallic scum appeared on the edge of the film (usuall}" 
10-15 seconds), and the stain allowed to act for another 30-60 seconds, after 
which it was flooded off with water. Finally, the film was stained for 5 minutes 
with carbol-fuchsin diluted 1 : 10, washed, dried, and mounted in neutral 
'Canada balsam or DePeX mounting fluid. 


Results 

We examined hundreds of films and usually found that although 
f;lie flagella were stained they were detached from the bacillary bodies 
and formed tangled masses. We concentrated on young, actively 
motile cultures and on methods of making films that were least likely 
to detach the flagella. The methods described gave the best results, 
but at least ten films had to be made and examined to find one rod with 
attached flagella. 

Eventually we stained flagella on seven of our strains, and the 
flagellar attachment was always polar. Usually there were two 
flagella at one pole but sometimes they were more numerous, 
occasionally flagella were seen at both poles. The flagella were so 
fine that they did not present good contrast for photography unless 
iihej^ were twisted together near the point of origin (figs. 1 and 2). 


Taxoxomt 

We believe our cultures were authentic strains of Whitmore s 
Ijacillus ; if that is accepted, we have established that the flagellation 
of this species is polar. The taxonomic position of the species mus 
be reconsidered in the light of our findings. 
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Stanton and Fletcher (1924 25) produced good evidence that 
Wlutmore’s bacillus was closely related to the glanders bacillus and 
most taxonomists now include both organisms in the same genus 
Pons (1927) suggested that it occupied a position mtermediate between 
the glanders bacillus and Pseudomonas pyocyanea , Legroux and 
Oenevray (1933) thought that Wlutmore’s baciUus was peritrichously 
flagellated, and decided that, apart from the absence of a serological 
relationship, the species was more closely allied to Ps pyocyanea 
than to the glanders bacillus The similarity between Whitmore’s 
baciUus and the blue pus organism seems to have confused Castellani 
\sho, m describing a new species before the Societe Portugaise de 
Biologic on 8th July 1948, said “ Dans ma opinion, le microorgamsmc 
est tres pres du Mdlleomyces pseudomalUi (BaciUe de Whitmore), 
et il pent etre plac6 le meme genre (Malleomyces) ” (manuscript 
Ivindly supphed by Dr A Castellani) We examined a culture of 
CasteUam’s new species, Malleomyces hcemorndcogenest but wo thought 
it was a strain of Ps aeruginosa {Ps pyocyanea) Dr W C Haynes 
(personal commumcation) of the Northern Regional Research 
Laboratories, Peoria, Illinois, agrees with our dotermmation 

Our findmg that the flagellation of Whitmore’s bacillus is polar 
strengthens the argument for a close relationship to the genus 
Pseudomonas, and \urtuaUy forces the species mto the family Pseudo 
monadacese , it can either be incorporated in a genus already in that 
family, or the family can be enlarged to include the genus of which 
it is a species Only two genera of the Pseudomonadaceae need to be 
considered Pseudomonas and Xanthomonas Pseudomonas species 
are usually characterised by the production of water soluble pigments 
but non pigmented species occur as parasites in the ammal and plant 
worlds It would be wise to exclude Whitmore’s baciUus on the 
ground that although it is a pigment producer the pigment is not 
soluble in water Xanthomonas is an off shoot of Pseudomonas and 
TV as created by Dowson (1939) for pseudomonads that do not show 
the fluorescent colonies of Pseudomonas species, but produce a yellow 
pigment insoluble m water Whitmore’s bacillus often shows a yellow 
pigmentation of its colony and has many other characters m common 
Tvith Xanthomonas species, but until thorough comparisons have been 
made betiveen "Whitmore’s bacillus and these plant pathogens we 
do not thinlr it prudent to include Whitmore’s bacillus m this 
genus 

We are left Tvithout a choice , we must enlarge the family Pseudo- 
monadace'B to include the genus of which Whitmore’s bacillus is a 
species We agree with Stanton and Fletcher that Whitmore’s bacillus 
is closely related to the glanders bacillus, the relationship is that 
of two species m the same genus It follows, therefore, that if one 
species IS translated to the family Pseudomonadacese, the Tvhole genus 
must go with it 
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Stanton and Flotclior (1924-25) produced good ovidonco that 
"Wliitmorc^s bacillus was closely related to the glanders bacillus, and 
most taxonomists now include both organisms in the same genus. 
Pons (1927) suggested that it occupied a position interraediato between 
the glanders bacillus and Pscudomojia^ pyocyanea ; Legroux and 
Ctcncvray (1933) thought that Whitmore’s bacillus was poritrichously 
flagellated, and decided that, apart from the absence of a serological 
relationship, the species was more closely allied to Ps. pyocyanea 
than to the glanders bacillus. The similarity boUveon Whitmore’s 
bacillus and the blue-pus organism seems to have confused CastoUani 
who, in describing a now* species before the Society Portugaiso do 
Biologic on 8th July 1948, said “ Dans mn opinion, lo microorganiamo 
cst tr5s pr6s du MalUomyccs pseMdomaUd (Bacillo do Whitmore), 
<*t il pout etro plac6 lo momc genre (italic o ray cos) ” (manuscript 
kindl 3 * supplied bj* Dr A. Castcllani), Wo examined a culture of 
Castcllam’s new* species, Mallcomyccs ha^morrtdcogcneSj but wo thought 
it was a strain of Ps, aeruginosa {Ps. jjyocyanca). Dr W. C. Haynes 
(personal communication) of tlie I^ortlicm Regional Research 
Laboratories, Pcorin, Illinois, agrees with our determination. 

Our finding that the flagellation of Whitmore’s bacillus is polar 
strengthens the argument for a close relationship to the genus 
Pseudomonas, and ^^rtuall 3 ’^ forces the species into the family Pseudo- 
monad a cere ; it can cither be incorporated in n genus already in that 
family*, or the family* can bo enlarged to include the genus of which 
jt js a jppecies. Only two genera of the Psciidomonadacoxo need to bo 
considered : Pseudomonas and Xanthomonas. Pseudomonas species 
arc iisualh" characterised b}" the production of water-soluble pigments 
but non-pigmented species occur ns parasites in the animal and plant 
worlds. It would bo wise to exclude Whitinoro’s bacillus on tho 
ground that although it is a pigment-producer tho pigment is not 
soliiblo in w'ater. Xanthomonas is an off-shoot of Pseudomonas and 
was created by Dowson (1939) for pseudomonads that do not show 
the fluorescent colonies of Pseudomonas species, but produce a yellow 
pigment insoluble in water. Wliitmoro’s bacillus often shows a yellow 
pigmentation of its colon}’’ and has many other characters in common 
w ith Xanthomonas species, but until thorough comparisons have been 
made between Whitmore’s bacillus and these plant pathogens we 
do not thinic it prudent to include Whitmore’s bacillus in this 
genus. 

We are left wdthout a choice ; w c must enlarge tho family Pseudo- 
monadacecc to mcludo the genus of w’hich IVliitmore’s bacillus is a 
species. We agree 'with Stanton and Fletcher that Whitmore’s bacillus 
is closely related to the glanders bacillus ; the relationship is that 
of two species in tho same genus. It follows, therefore, that if one 
species is translated to tho family Pseudomonadacece, the whole germs 
must go with it. 
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Nomenclattire 

The classification of a bacterium is a matter of opinion ; nomen¬ 
clature is much simpler. Matters of opinion hardly arise as we are 
guided by the principles, rules, and recommendations of the bacterio¬ 
logical code (Buchanan, St John-Brooks, and Breed, 1948). 

Whitmore (1913-14) named his organism Bacillus pseudomalhi •, 
Stanton and Fletcher (1921), without producing evidence, changed 
this to Bacterium tvliitmori on the groimd that the specific epithet 
“ pseudomallei ” was invahd. The genus Bacfilus, circumscribed by 
international agreement (Second Internat. Congr. Microbiology, 1936), 
excludes "Whitmore’s bacillus which, on transfer to another genus, 
must have its original specific epithet re-estabhshed (Rule 18). This 
epithet, “ pseudomallei,” “ must not be rejected, changed, or modified 
merely because it is badly chosen or disagreeable, or because another 
is preferable or better known ” (Rule 23). 

The generic name is that of the type species of the genus, in this 
case the glanders bacillus. The glanders bacillus has been included 
in many different genera (see Breed et al., 1948) but Pfeifferella 
(Buchanan, 1916, 1918) was the first genus of which it was the tj'jje 
species. The name Pfeifferella was a clerical error (Buchanan, 1925) 
and is an illegitimate later homonym of Pfeifferella Labbe (Becker, 
1951). Bergey et al. (1939) suggested Malleomyces Pribram but as 
this is a later homonym of Malleomyces Halher, it seems to us that 
LoefSereUa (Gay et al., 1935) is the vahd name of the genus, and 
that the complete citation should be LcBfflerella pseudomalki 
CWhitmore) Gay et al. 

Str&nnAny and conclusions 

1. Flagella were stained on seven of eight strains of Whitmore’s 
bacfilus. In every strain the attachment of the flagella was polar. 

2. The species is closely related to the glanders bacillus (a non- 
motile organism) and the type of flagellation warrants inclusion in 
the family Pseudomonadacese. 

3. The two species should form a genus, but at present this genus 
should not be combined with any accepted genus of the familj' 
Pseudomonadacese. 

4. The complete citation of Whitmore’s bacillus is Lasffierella 
pseudomallei ("V^tmore) Gay et al. 
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CORYKEBACTERIAL ENDOCARDITIS: WITH RE¬ 
PORT OF A CASE DUE TO TOXIGENIC 
COE YNCBACTFAU U2l DJPlJTHEEJJB 

C Pike 

St Mary^s Hosjntal ^^cdlcal Schootf London 

The isolation of C dtphfhcrtw from tho blood stream of cisc^ of 
chnical diphtheria during hfo has been reported by a number of 
A\orkcr? since \on Nicssen (Pi02) made tho first obser\ation 

Roodclias (1913) i«olfltocl tho organism m three out of 187 ciisca m\ cstigated 
Klkclcs (1929) reported two cases of diphtheria with positno blood cultures 
and m one the organism was shown to bo toxigenic A gravis typo C diphthcncc 
was grown from tho blood 2G hours before deatli m a ease of faucial diphtheria 
described bj Chi \\ u and T«*un (1938) 

In some cases, howe\er, tho blood cultures ga\o mixed growths Thus 
Lcedo (1911) isolate<I C diphthcncc together with an li'cmobtic streptococcus 
from one of 18 coses of diphtheria, and ono of three cases described bj Rocdcilius 
ga\o a streptococcus in addition to C dip/i/Acncr 

Some authors onlv scanM bacteriological data (Ucko, 1908, beede, 
1911, Morgan, 1913) so that proof that tho organism isolated was m fact 
<7 diphthcncc is lacking Indeed, Zinsser and Bavne Jones (1934) considered 
that there was no oMdenco that true C diphthcncc septicTsmia could occur m 
hfo 

Tlicro is an oxtensivo literature, largelj German, on tho isolation of C 
diphthcncc from tho blood and organs at autopsj m coses of diphtheria LooRler 
{1884) reported tho isolation of C7 diphthcncc from tho h\er at autopsj in a 
number of cases Lcede (19U, 1913) found C diphthcncc m heart blood post 
mortem m four cases out of 62, and m eight cases out of 130 that had had 
trachootomj Mixed cultures also occurred, and evidence for the identity of 
tho organisms reported as C diphthcncc is often insufTicient Elkeles isolated 
C diphthcncc from tho organs at post mortem m 33 of 64 cases of diphtheria 
He regarded tho occurrence of tho organisms in tiio mtemal organs as an oganal 
phenomenon 

A patient with faucial diphtheria who do\ eloped endocarditis was obser\ ed 
bj Chian (1933) Blood cultures were not made durmg life, but at autopsy the 
presence of endocarditis was confirmed, and C diphthcncc, virulent for guuiea 
pigs, was isolated from tho vegetations on tho tricuspid valve He reported a 
similar case two years later (Chian, 1935) Virulent C7 diphthcncc was isolated 
b> Lenti and Wirz (1938) from tho blood of a patient with faucial diphtheria 
on tho day before death At autopsj, mitral endocarditis was found and 
organisms were flemonstrated in sections of tbo vegetations 

Kessel and Romanoff (1930) described tho isolation of C ko^mani from both 
the blood and the cerebrospmal fluid m a caso of meningitis No mention of 
endocarditis was made, and this patient recovered In a senes of 730 patients 
submitted to diagnostic lilood culture, Thompson (1932) found diphtheroids 
J TATU BACT —-TOIu txra 677 2 O 2 




6i6 , 126—002—02 : 576.852 . 25 


CORYNEBACTERUL ENDOCARDITIS; WITH RE¬ 
PORT OF A CASE DUE TO TOXIGENIC 
CORYNEBACTEIUUM DIFIITHERIJE 

C Pike 

St Manjs hospital Medical School^ London 

The isolation of C diphihcnic from tiie blood stream of eases of 
clmica! chplitlicria during life iias been loported by a mimbor of 
workers smeo ^on Nicssen (1002) made the first observation 

Roedohus (1913) isoIatc<l tho organism in three out of 187 eases investigated 
Elkeles (1020) roportetl two eases of diphtheria with positive blood cultures 
and m ono tlie organism was showm to bo toxigenic A grav is typo C diphthcncc 
was growm from tlio blood 26 hours before doatli m a enso of faucml diphtliona 
describovl b> Chi \\ u and '1 s un (1936) 

In some cases, however, tho blood cultures gave mixed growths Tliua 
Leedo (1911) isolatal C dtphlhcncc together with an h'cmolytic streptococcus 
from ono of 18 eases of tliphthcna, and ono of three cases described bj Roodchus 
gave a streptococcus m addition to C diphthcnw 

Some authors give onlj scantv bacteriological data (Ucko, 1908, Jueode, 
1911 , Morgan, 1913) so that proof that tho organtsm isolated was m fact 
<0 diphthcrtcc is lacking IndectI, Zinsser and Boyne Tones (1934) considered 
that there was no evidence that true C dtphthenee sopticromia could occur m 
hfo 

There is an oxtenswo literature, largolj Gorman, on tho isolation of C 
diphihcnw from the blood and organs nt autopsj m cases of diphtheria LoefHer 
<1884) reported tho isolation of C diphthcriw from tho liver at autopsy m a 
number of cases Loedo (1911, 1913) found C diphfhcncc m heart blood post 
wor/em m four cases out of G2, and m eight cases out of 130 tliat liad had 
tracheotomy ]Mixe<l cultures also occurred, and evidence for tho identity of 
tho organisms reported as C diphthcnoi is often insufiicient Elkeles isolated 
€ diphtheria: from tho organs nt post mortem m 33 of 64 cases of diphtheria 
Ho regarded tho occurrence of tho organisms m tho mtornai organs as an agonal 
phenomenon 

A patient with faucinl diphtheria who developed endocarditis was observed 
by CHimri (1933) Blood cultures were not mado during life, but at autopsy tho 
presence of endocarditis was confirmed, and C diphtheria:^ virulent for guinea 
pigs, was isolated from tho vegetations on the tricuspid valve Ho reported a 
similar case two years later (Chian, 1935) Virulent <7 diphtheria: was isolated 
bj Lenti and Wirz (1938) from tho blood of a patient with faucial diphtheria 
on tho day before death At autopsy, mitral endocarditis was found and 
organisms were demonstrated in sections of tho vegetations 

Kessel and Romanoff (1930) described the isolation of 0 hoj^mam from both 
the blood and the cerebrospinal fluid m a case of meningitis No mention of 
endocarditis was made, and this patient recovered In a senes of 730 patients 
submitted to diagnostic blood culture, Thompson (1932) found diphtheroids 
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in 30. One of these had endocarditis both elinicall}^ and at autopsy, but although 
the primary culture grew small bacilli, subcultures produced typical streptococci. 
Heomorphic streptococci that can resemble diphtheroids are well Imown, and 
were used by Welch et al, (1935-36) to produce experimental endocarditis in 
rabbits. 

That diphtheroids from the skin may appear in blood cultures as contaminants 
when technique is faulty is of course universally recognised. Tow and Wechsler 
(1932) reported a case of endocarditis, confirmed at autopsy, in which C. hqffmani 
was isolated from the blood during life. Cocci, however, were also recognisable 
in sections, and in the final paragraph the authors conclude that the cocci were 
the causative organisms. Babes and Manolesco (1908) found an organism 
resembling (7. diphtJiericB together with a streptococcus in the aortic vegetations 
of a case of endocarditis. 

Finally, a number of cases of endocarditis due to O, diphtherice have been 
reported in which the patient did not manifest clinical diphtheria. In most of 
these, however, the organism was not toxigenic. Howard (1893) observed a 
man of 44 with diarrhoea and pyrexia who died from circulatory collapse. At 
autopsy, endocarditis was found, and an organism indistinguishable from 
(7. diphtlierice was isolated which proved to be avirulent for guinea-pigs and 
rabbits. Roosen-Runge (1903) reported a case of mitral endocarditis due to a 
non-toxigenic G. diphtherice and another of tricuspid endocarditis due to a 
similar organism (Roosen-Runge, 1925). Sutherland and Willis (1936) described 
a case of endocarditis with isolation of a non-toxigenic G. diphthericB both from 
the blood during life, and from the vegetations and organs at autopsy. Kaschel 
(1937-38) reported a similar case with mitral vegetations and isolated a non- 
toxigenic G. diphtlierice. 

Very few cases are on record of bacterial endocarditis due to a toxigenic 
G. diphtherice in patients showing no clinical evidence of diphtheria. Herzog 
(1918) described a patient with pyrexia in whom mitral vegetations were found 
at autopsy. On culture they yielded a toxigenic G. diphtlierice, but no cultures 
were made during life. Buddingh and Anderson (1937) reported a case of 
recurrent epistaxis in a boy of 16 years. At autopsy mitral endocarditis was 
found and cultures grew a toxigenic G. diphtherice. A Gram-positive bacillus had 
been grown from the blood during life, but was not further identified. 

The following case falls into this last category, and appears to be 
the third in the literature. 

CniKICAIi HISTORY AKB COtTRSE 

A Canadian infantryman aged 24, serving in the Italian theatre, 
had been fit and well until 16th January 1944, when he developed 
abdominal pain and anorexia. On the 19th he was admitted to a 
medical unit where his temperature was found to be 100"^ F. A blood 
shde examination showed infection with Pldsmodntm falcipanim and 
a course of quinine, gr. 10 t.d.s,, was started. By the 23rd the 
temperature appeared to have settled and mepacrine was substituted 
for quinine. On the 24th the temperature rose to 103-4® F. and 
P, falcipanim was again found in a blood film. Quinine was given 
intravenously and repeated on the foUowmg day. Sulphathiazole 
was also started on the 24th as adventitous sounds were heard in the 
right chest. By the 29th the temperature had settled; sulphatliiazole 
was stopped but mepacrine was continued. 
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since admission. On the 13th, the corynebacterium from the first 
blood culture was shown to be morphologically and culturally in¬ 
distinguishable from <7. diphtherice. Accordingly 80,000 units of 
antidiphtheritic serum were given intravenously. On the 14th, the 
drip was discontinued and sulphapyridine given by mouth, 6 g. per 
diem. An organism had now been isolated from the second blood 
culture indistinguishable from the first. 

During the 15th the general improvement was maintained. There 
was now no pain or tenderness in the chest or abdomen. The apical 
murmur became more marked. Ophthalmoscopy showed a circular 
haemorrhage with a white centre near the upper temporal branch of 
the left retinal artery. During the evening of the 16th the temperature 
rose again to 103° F., but there was no change in the general condition. 
Blood slides were negative for malarial parasites. The temperature 
remained at about 100° F. until the 20th, when the sulphapyridine 
was discontinued after a total of 60 g. 

On the 21st, at 09.00 hrs., the patient was restless and complained 
of numbness in the right leg, and his pulse rose to 120 and the 
temperature to 102-6° F. The right femoral pulse could not be felt. 
The left was easily palpable. The right femoral artery appeared to 
be in spasm and could be felt as a cord. The popliteal and dorsalis 
pedis pulses could not be felt on either side. All forms of sensation 
were diminished below the right knee. The plantar reflexes were 
flexor. By 15.00 hrs. there was distinct cooling of the right foot 
and pallor of the toes. On the following day the blood pressure in 
the left thigh was 140/100 mm.Hg., but not recordable on the right. 
A third blood culture was taken. 

The temperature remained around 102° F. until the 26th. During 
this time the blood was negative for plasmodia, the urine contained 
albumin, urobilin, scanty leucocytes, red cells and granular casts. 
Examination of a loose stool revealed no blood, mucus or parasites. 
A corynebacterium had been isolated from the third blood culture. 
On the 26th, examination showed no difference in the temperatures 
in the feet, improved movements on the right side, and numbness 
confined to the distal half of the right foot. The right femoral pulse 
was just palpable. 

During the evening of the 26th the patient collapsed, but improved 
after an injection of Nikethamide. He was noticed by the night sister 
to be aphasic and hemiplegic. Examination on the 27th showed 
complete right hemiplegia and dysarthria. There was lateral deviation 
of the left eye and the general condition was very poor. On the 
28th the patient lapsed into a stuporose condition which persisted 
un til his death. On the 1st March the temperature rose terminally 
to 105° F. and he died at 03.40 hrs., six weeks after the onset of 
illness. 
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Bacteriology 

Tlio organism isolated from tho blood possessed tlio following 
characteristics:— 

1. Profuse grouiih in glucose brotli and, surprisingly, in bile^salt 
' water. 

2. Jforphology : Gram-positive baciUi arranged in Cliincso figuring 

showing mctachromatic staining with methylono bluo followed 
by acetic acid; morphologically indistinguishable front 0, 
diphthcricc* 

3. Colonics on horse blood-agar after 24 hours were pale, smooth, 

regular, about 0-1 cm. in diameter, surrounded by a narrow 
zone of hremolysis. 

4. Colonics on Hoyle *8 tellurite medium at 48 hrs. were smooth, 

round, dark groj^ in colour, and about 0*1 cm. in diameter. 

5. Broth cultures showed pellicle formation with a granular 

deposit. 

6. Biochemical reaction (scrum-water sugars):— 


Carbohydrate 

Acid 

Clot 

Gluccwo 

+ 


Saccharose 

. . — 

— 

Starch . 

+ 

+ 

Lnetoso 

— 



7. On blood-agar the organism was inhibited by sodium sulpha- 

P 3 Tidino using tho gutter plate method. 

8. Virulence tests (guinea-pigs) : 

{a) Intradcrmal tests: Eight wore performed using three 
separate test animals and three separate control animals. 
In all tests tho organism appeared to bo virulent, 

(6) Injection of whole cultures : Two test animals died ; two 
control animals protected with 1000 units of diphtheria 
antitoxin intraperitoncally survived. Autopsy on animals 
dying showed pleural effusions, haemorrhages in the 
supraronals, and inflammatory oedema at the inoculation 
sites. 

The organism was therefore considered to be a virulent, toxigenic 
gravis strain of Corifnebacterium diphthcricc. 

Autopsy pindinos 

Autopsy was performed six hours after death and showed :— 

External appearances, A few bluish macules were recogm'sablo over 
the chest and abdomen, and two bluish patches over the right great 
toe. The right leg was rotated outwards. A small conjunctival 



580 


C. PIKE 


since admission. On the 13th, the corynebacterium from the first 
blood culture was shown to be morphologically and culturally in¬ 
distinguishable from C. diphiherice. Accordingly 80,000 units of 
antidiphtheritic serum were given intravenously. On the 14th, the 
drip was discontinued and sulphapyxidine given by mouth, 6 g. per 
diem. An organism had now been isolated from the second blood 
culture indistinguishable from the first. 

During the 15th the general improvement was maintained. There 
was now no pain or tenderness in the chest or abdomen. The apical 
murmur became more marked. Ophthalmoscopy showed a circular 
haemorrhage with a white centre near the upper temporal branch of 
the left retinal artery. During the evening of the 16th the temperature 
rose again to 103® ]?., but there was no change in the general condition. 
Blood slides were negative for malarial parasites. The temperature 
remained at about 100® F. until the 20th, when the sulphapyridine 
was discontinued after a total of 60 g. 

On the 21st, at 09.00 hrs., the patient was restless and complained 
of numbness in the right leg, and his pulse rose to 120 and the 
temperature to 102-6° F. The right femoral pulse could not be felt. 
The left was easily palpable. The right femoral artery appeared to 
be in spasm and could be felt as a cord. The popliteal and dorsalis 
pedis pulses could not be felt on either side. All forms of sensation 
were diminished below the right knee. The plantar reflexes were 
flexor. By 15.00 hrs, there was distinct cooling of the right foot 
and pallor of the toes. On the following day the blood pressure in 
the left thigh was 140/100 mm.Hg., but not recordable on the right. 
A third blood culture was taken. 

The temperature remained around 102® F. until the 26th. During 
this time the blood was negative for plasmodia, the urine contained 
albumin, urobilin, scanty leucocytes, red cells and granular casts. 
Examination of a loose stool revealed no blood, mucus or parasites. 
A corynebacterium had been isolated from the third blood culture. 
On the 26th, examination showed no difference in the temperatures 
in the feet, improved movements on the right side, and numbness 
confined to the distal half of the right foot. The right femoral pulse 
was just palpable. 

During the evening of the 26th the patient collapsed, but improved 
after an injection of Nikethamide. He was noticed by the night sister 
to be aphasic and hemiplegic. Examination on the 27th showed 
complete right hemiplegia and dysarthria. There was lateral deviation 
of the left eye and the general condition was very poor. On the 
28th the patient lapsed into a stuporose condition wMch persisted 
until his death. On the 1st March the temperature rose terminal^ 
to 105° F. and he died at 03.40 hrs., six weelcs after the onset of 
illness. 
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infarcts. Tho rest of tlio spleen was pinker than normal and the 
Xmttorn was indistinct. Tho traclicnl IjTnph nodes wore deeply 
jiigmontcd. Tho other nodes, tho th 5 ’'miis, thyroid, pituitary and 
siiXwarcnals appealed normal. 

Gcnilo-zirinar}/ system. Both kidnei^s contained many yoUoir 
cortical infarcts from 1*5 x 1*0 cm. to 0*5 x0*5 cm. Tho ureters, 
bladder, prostate and testicles were normal. 

Central nervons system. No macroscopic changes could be seen 
in any part of the nervous system, but the tip of tho loft temporal 
polo and tlio cortex of tho loft insula woro softer than those on the 
right side. 

Histology 

Lateral tcall of the left vcnlricle. Interstitial myocarditis, with 
foci of neutrophils, eosinophils and l^miphocytes botwcon muscle 
fibres. jMild siibacuto inflammation of pericardial fat. 

Thinned apex of the left ventricle. In some areas myocardial fibres 
liave disappeared and have boon replaced by fine connective tissue 
ivith some lymphocj’tes and scanty neutrophils. Slany dead and 
dogonerato myocardial fibres are present. 

Mitral valve, A pedunculated vegetation consisting of a granular 
stroma containing masses of organisms, or^'-tlirocytcs and leucocytes. 
The organisms were arranged in colony-Uko clumps, which in tho 
central zone apiieared to bo dead. At tho edge of tho valve there was 
fibroblastic proliferation and neutrophil infiltration. Numerous coryne- 
bacteria indistinguishable from C. diphthcriee were demonstrated by the 
Claudius method. 

Occluded branch of coronary artery. Destruction of infcima and 
media through most of tho circumference, with rupture of tho internal 
elastic lamina. The adventitia and the remains of tho media were 
infiltrated with noutrophih. Tlio vessel contained a thrombus with 
numerous organisms. Tho adjacent pericardial fat was inflamed. 
T^'pical corynobacteria wore demonstrated in thrombus by Claudius’s 
method. 

Femoral artery embolus. Granular stroma with numerous included 
clumps of organisms and some surface neutrophils, 

JUing. Congestion and oodoma with typical bronchopneiimonic 
lesions. 

Jjivar. Central congestion and atrophy. Bile pigment in central 
colls. Slight fatty degeneration iiTCgularly scattered. 

Spleen. Tho spleen was congested and contained numerous areas 
of necrosis. In some of these areas there were largo masses of bacilli. 
Granulation tissue was present at the edges of some necrotic zones. 
Large numbers of neutrophils were present in tho pulp. Malpighian 
bodies w’ere reduced in size. Thromboses ivore present in many 
venous sinuses and organising fibrhi was present on the capsular 
surface. 
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Tracheal lymph node. Congestion and oedema with sinus catarrh. 
Moderate amount of carbon pigment present. 

Thyroid. Normal. 

Suprarenal. Areas of degeneration in the zona fasciculata. 

Kidney. The kidney contained a pale, triangular infarct of the 
cortex with a surrounding zone of hypersemia. An artery at the apex 
of the infarct contained organising thrombus with early recanalisation. 
Elsewhere most of the glomeruli appeared normal, but a few showed 
adhesive glomerulitis. The convoluted tubules showed parenchymatous 
degeneration. 

Cerebral cortex. Areas of oedema were present %vith swelling of 
oHgodendr o cytes. 

Discussiok 

In the present case the diagnosis was at first obscured by the 
pre-admission reports of the finding of Plasmoditvm falciparum. 
Thereafter the case progressed as one of bacterial endocarditis with 
repeated embolic phenomena, 

It is unfortunate that pharyngeal and nasal cultures were not 
made. At no time, however, did the patient have symptoms referable 
to the nose or throat. In this respect the case resembled that of 
Herzog. Repeated clinical examinations were made in life and 
were always negative. Neither were any lesions found in the nose 
or pharjnix at autopsy. There were no cutaneous wounds or sores. 
The portal of entry must therefore remain problematical. 

There was no evidence of previous rheumatism, nor of congenital 
abnormalities of the cardiac valves. 

The administration of serum seemed to have little effect on the 
course of the disease. The only drug that appeared to affect the 
pyrexia was suiphapyridine, and in-vitro tests showed that the 
organism was inhibited by the drug (penicillin was not at the time 
available). 

The identification of a toxigenic Gorynebacterium diphtJiericB as 
the cause of the endocarditis is regarded as established. The three 
blood cultures all gave pure growths of the organism. Neither were 
any other organisms seen in any of the numerous histological prepara¬ 
tions showing C. diphiherice. 

It seems clear that corynebacteria isolated from blood cultures 
should not be lightly dismissed as contaminants. 

SraEVIAUY 

The occurrence and distribution of corynebacteria within the 
body before and after death are discussed. 

A case of bacterial endocarditis due to a toxigenic G. diphtheric^ 
in a patient showing no evidence of clinical diphtheria is described, 
and an account is given of the bacteriological and post-mortem 
findings. 
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Tracheal lymph node. Congestion and cedema with sinus catarrh. 
Moderate amount of carbon pigment present. 

Thyroid. Normal. 

Suprarenal. Areas of degeneration in the zona fasciculata. 

Kidney. The kidney contained a pale, triangular infarct of the 
cortex with a surrounding zone of hyperjemia. An artery at the apex 
of the infarct contained organising trombus with early recanahsation. 
Elsewhere most of the glomeruli appeared normal, but a few showed 
adhesive glomerulitis. The convoluted tubules showed parenchymatous 
degeneration. 

Cerebral cortex. Areas of oedema were present with swelling of 
oligodendrocytes. 

Discussion 

In the present case the diagnosis was at first obscured by the 
pre-admission reports of the finding of Plasmodium falciparum. 
Thereafter the case progressed as one of bacterial endocarditis with 
repeated embolic phenomena. 

It is unfortunate that pharjngeal and nasal cultures were not 
made. At no time, however, did the patient have symptoms referable 
to the nose or throat. In this respect the case resembled that of 
Herzog. Repeated clinical examinations were made in life and 
were always negative. Neither were any lesions found in the nose 
or pharjmx at autopsy. There were no cutaneous wounds or sores. 
The portal of entry must therefore remain problematical. 

There was no evidence of previous rheumatism, nor of congenital 
abnormalities of the cardiac valves. 

The administration of serum seemed to have little effect on the 
course of the disease. The onty drug that appeared to affect the 
pyrexia was sulphapyridine, and in-vitro tests showed that the 
organism was inhibited by the drug (penicillin was not at the time 
available). 

The identification of a toxigenic Corynebacterium diphtherice as 
the cause of the endocarditis is regarded as established. The three 
blood cultures aU gave pure growths of the organism. Neither were 
any other organisms seen in any of the numerous histological prepara¬ 
tions showing C. diphtherice. 

It seems clear that corynebacteria isolated from blood cultures 
should not be lightly dismissed as contaminants. 

SUMJIAEY 

The occurrence and distribution of corjnebacteria within the 
body before and after death are discussed. 

A case of bacterial endocarditis due to a toxigenic C. diphtheria 
in a patient showing no evidence of clinical diphtheria is described, 
and an account is given of the bacteriological and post-mortem 
findings. 
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A FATAL CASE OF GIAI^T-CELL OR 
TESIPORAL ARTERITIS 

B S Cakdell and T ILv>'i.Er 

Ktng’e CoJlcQC Hospital Msdical School, London 

(Plates XOT-XCmi) 

The literature of giant cell or temporal arteritis has recently been, 
reriowed by Harrison (1948) and Migono and Mortara (1949) In 
addition to tho 122 cases collected by the latter authors 14 other cases 
have been reported Hutchinson (1889 90), Vandivier and Ritchey 
(1945), Anderson et al (1948), Moss (1948), Wolmotz ct al (1948), 
Zeller (1948), Hauss and Burwinkel (1949), Keen (1950) and 
McMillan (1950) In view of tho paucity of necropsy observations 
it IS considered worth while to record a further case diagnosed 
clmically as temporal artontis on which a full post mortem 
examination was performed 

Nomenclattjiie 

Horton et al (1932) introduced tho terra “ temporal artentis 
in the behef that tho disease w as locahsed m these vessels Kilboume 
and Wolff (194G), m view of tho chnical involvemont of cerebral and 
retinal vessels, suggested the term “ cranial artentis ” The histo¬ 
logical findings have resulted m the introduction of farther names — 
“ giant-ccU artentis ” by Gfimour (1941), and m relation to the aortic 
lesions, ** chrome diffuse mesaortxtis *’ by Sproul and Hawi^home 
(1937), and “ diffuse granulomatous aortitis by JIcMiUan None 
of these names is satisfactory Until more is laiown of tho nature 
of tho disease it seems likely, as suggested by Harnson, that the 
terms giant cell artentis and ** temporal artentis ” will both, 
be used, the former term emphasising the dominant histological 
feature and tho latter the dominant clmical feature of the disease 

Fatal cases—review of literattjre 

Death occurred in 27 of tho recorded cases of giant cell artentis Tho 
findings m these cases aro Bummonsed m tho accompanying table Post mortem 
examination -was performed on 16 cases No post mortem details were published 
in the case reported by Chasnoff and Vommer (1944), no histology was performed 
m Robertson’s (1947) case, and m a further case, Jennings (1948), post mortem 
oxaimnation was limited to tho head The twelve cases previously recorded 
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TABm 

Summary of 27 fatal cases of giant-cell arteritis 



Barnard (1935) 


Sex 

and age 


. F. 63 


Sproul and Hawthorne M, 76 
(1937) Case 1 

Sproul and Hawthorne 50 
(1937) Case 2 

GUmour (1941) Case 1 F. 23 


I 5* „ Case 2 F. 59 

1 6. „ Case 3 M. 63 

^ 7. „ Case 4 F. 64 

' 8. Sproul (1942) . . M. 68 

i 

9. Post and Sanders * F. 66 

(1943) 

10, Chasnoff and Vorznner F. 63 

(1944) 

11, Broch and Ytrehus M. 69 

(1946) Case 1 

12, Cooke et al. (1946) M. 66 

Case 1 

13, Cooke et al (1946) F- 69 

Case 3 

14, Cooke cl al (1946) F. 73 

I Case 6 

15, Curtis (1946) . . F, 71 

! 16. Kilboume and Wolff M, 68 
(1946) 

17. Robertson (1947) Case 4 M. 67 

18. Cohen and Harrison M. 65 

(1947-4S) Case 2 

19. Cole (1948) Case 1 . M. 68 

20. „ Case 2 . M. 64 

21. „ Case 3f , F. 72 

22. Dupont and Heerup F. 58 

(1948) 

23. Jennings (1948) Case 3 F. 73 

24. Bergouignan and La- F. 64 

crotte (1949) Case 2 

25. Smith and Greene (1949) F. 81 

Case 3 

26. McMillan (1950) . . 51. 5S 

i 27. Cardell and Hanley 51. 68 

(Case here reported) 


P3I. 

Cause of death 

Arteries affected 
(histologically couflrmed) 

+ 1 

Erysipelas 

Anterior descending and posterior 
coronary ; internal and intra¬ 
cranial carotid 

-f ! 

Septic kidney 

Aorta ; both common iliacs 

+ 

Cardiac infarct 

Aorta ; iliac ; carotid 


Ruptured 

subclavian 

aneurysm 

-f Cerebral infarct 

-b Cerebral infarct 

-b Post operative 

-b Cardiac infarct 


— Cerebrovascular 
accident 
-b Coma 


— Hsematemesis 

— Cerebrovascular 

accident 

4* Multiple cerebral 
thromboses 
-b Cerebral death 


Cerebral death 
Cardiac infarct 

Perforated 
gastric ulcer 
Coronary 
occlusion 
Coronary 
occlusion 
Bronchitis 
Cardiovascular 
accident 
5Iyocardial 
degeneration 


Aorta; both subclavians and 
internal carotids 

Aorta; both internal carotids 
Aorta ; both internal carotids; 

left external carotid 
Aorta; innominate; subclavian; 
common carotid; common 
iliac 

Carotid; innominate; subclavian; 
pulmonary; coeliac; mesen¬ 
teric ; renal; iliac 
Both temporals (biopsy) 

Temporal and internal carotid 
arteries. No post - mortem 
details published 


j Both temporals (biopsy) 

Both temporals; aorta; both 
femorals; subcla^dans 
Both temporals ; aorta ; radial; 
superior mesenteric ; femoral; 
both retinals 
Both temporals (biopsy) 

Both temporals (biopsy) 

Ho post-mortem histology. 1 

Thrombus in subclavian i 

Temporal (biopsy) | 


-b Coma 

~ Cerebral coma 

— Coronary 

occlusion 

-f Cerebral infarct 
-b Cerebral death 


Aorta; innominate; subclavians; 
common, internal and external 
carotids; hypogastries; coeliac; 
coronary 

Post-mortem limited to head. 
Temporal; middle meningeal 


Both temporals (biopsy) 

Aorta; common iliac 
Both temporals; aorta; fl¬ 
oral ; both internal carotids; 
both ophthalmics and their 
branches; coronaries 


* Keported earlier by MacDonald and Moser (1930-37) t Deported also by Jennings (1938, Case 2) 
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ui 'which, fall post laortcm Tcpott'=i tiro a\ ailablo ato considered holo'w. Thtco 
of Iho^o (Cooho tt aZ, 1940, eases 3 and 6) and Sproul (1942) woro diagnosed 
clmicaUj 03 temporal artontw Tiio other nmo, tliough clinically atypical, 
shovrod lustological lesions of giant coU arteritis 

Barnard (1035) under tho title of tuberculous arteritis recorded tho case 
of a woman aged 03 who died of facial orj bipolas after an illness characfcorisod 
bj lioadaches of mcronsmg severity with loss of sight m ono ojo Routine 
post mortem examination ro\ oaled changes m tho internal carotid and cororiary 
arteries consistmg of medial necrosis and a cellular mfiJtrato includmg giant 
eolls , no tubercle bacilli wore found m tho lesions In tbo light of casos later 
reported, it is probable that this wag an oxaraplo of giant coll arteritis Sproul 
and Ha'wthorno under tho title of chrome diffaso raosaortitis recorded two ca3©% 
both men, ono agotl 7G dying of a suppurativo iirmnry tract infection, and 
tho other ogod 50 dying of cardmo infarction following recurrent attache of 
precordial pam for ono j oar Histological lesions of giant coll arteritis \voro 
found, m ono caso m tho aorta and common ihac arteries, and m tho other m 
the norta, ihao and carotid artonea Tho temporal artones wore not m\olvod 
clinically and wore not examined at necropsj 

Gilraour under tlio title of giant coll chrome nrtontus recorded four necropsy 
ensos TJio first was of a woman aged 23 who had boon lU for six months with 
hot sweats and giddmoss, after an influenza like onset She died of a ruptured 
subclavian nnourj’sm Although tho caso was clmically atypical, tho histological 
lesions described in tbo aorta, mtornal carotid and both subclavian arteries 
aro typical of giant cell arteritis Tho ago is unusual, but Sloyors and Lord 
<1948) reported a clinically typical cose m a woman of 22 In addition, Roberts 
and Askoy (1948, caso 2) reported tbo coso of a woman of 25, though tho clinical 
picture ■was rather atypical and no biopsy was performed Gilmours second 
■caso was a woman ag^ 59 who had had headaches and loss of weight for flva 
montlis following an influenza like illness She died of a cerebral infarct and 
necropsy sliowcd giant cell artontis of both internal carotid arteries and tbo 
aorta, though no giant colls were soon m the aorta Tho third case, a maU of 
d3, diotl of a cerebral infarct nmo months after an influenza like illness winch 
was followed by headache, mental inertia and failmg vision Lesions of giant coll 
arteritis were found in tho aorta, tho loft extornal carotid artery and buth 
mternal carotid arteries No giant colls were seen m tho aorta or extoimal 
oarotid artery Gilmour’s fourth caso, a woman aged 64 who had been imweH 
for 20 months following ‘ mfluonza diod after an operation for mtostmal 
obstruction At nocropsj, lesions ■which were mterprotod as a healmg stago of 
giant cell artontis wero found m the aorta, innommato, subclavian, common 
carotid and common iliac arteries No giant cells were seen m any of tho^o 
X e^olg 

Sproul recorded tbo necropsy findmgs m a man aged 68, with clinically 
tvpical temporal arteritis without any ocular complications, who died of ischajimo 
heart disease Tho characteristic lesions were found m tho carotid, innominate, 
pulmonary, coeliac, mesenteric, renal and iliac arteries Tho temporal and 
cerebral vessels wore not oxammod and there is no mention of tho histological 
appearance of tho coronary arteries Cooko et al recorded two necropsies m 
a senes of seven clmically typical coses of temporal arteritis The first, a woman 
aged 69 with bilateral blindness, died of multiple cerebral thromboses Lesions 
of giant coll artontis were found m tho aorta both temporal, both femoral and 
both subclavian artones No giant cells were present m the subclavian arteries 
Tho second case, a woman aged 73 with bilateral blmdness, died from cerebral 
causes Lesions of giant coll arteritis ■were found m the aorta, and m the radial, 
aupenor mesenteric, femo-nl, both temporal and both retmal artones Gi^nt 
•cells were not present m tho radial, mesenteric and femoral arteries Dup(>nt 
■and Hoerup (1948) recorded the cose of a woman aged 58 who had general 
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malaise and fatigue for twelve months, and for tliree months a febrile illness 
with pain in the back, loins, neck and in front of the left ear. There was no 
temporal artery swelling. Death was due to hypostatic pneumonia and myo¬ 
cardial degeneration. Typical lesions of giant-cell arteritis were found in the 
following arteries innominate, both subclavians, the right common and both 
internal and external carotids, both hypogastrics, coeliac, a branch of a coronary,, 
and in the aorta. The temporal arteries were sectioned but no evidence of giant¬ 
cell arteritis was found. McMillan, under the title of diffuse granulomatous 
aortitis, recorded the case of a man aged 58 who died of a cerebral infarct after 
a six months' history of mild ataxia. Necropsy revealed tlirombosis of the 
right middle cerebral and internal carotid arteries, and in the ascending aorta 
an intimal tear with partial rupture and dissection. Typical lesions of giant-cell 
arteritis were found in the aorta and common iliac arteries. 

Case history 

]\fr C. N., a printers' warehouseman aged 68, first came under observation 
in 1942, having collapsed in the street with a severe attack of substemal pain. 
In 1936 he had had a similar attack diagnosed as myocardial infarction, but 
had recovered well and had been active and free from thoracic pain in the 
intervening years. 

Physical examination at that time (8.4,42) showed a shocked, anxious man, 
with feeble heart sounds, a blood pressure of 96/60 mm., and a slightly irregular 
bradycardia of 44 per minute, A cardiogram (fig. 1) showed low voltage 
splintered QRS deflections, some elevation of the BS-T segment in leads II 
and in, and inversion of T wave in leads I, lY F and IV B, the changes of 
extensive myocardial infarction. The E.S.B. was 12 mm. in the first hour,, 
and the leucocyte count 16-6 thousand per c.mm. 

He spent six weeks in bed without recurrence of substemal pain and appeared 
to recover well, being discharged on 27th May 1942 free from pain or dyspnoea. 
He returned to work and for the next seven years remained well except for 
slight stiffness and pain in the hips and lumbar region which began in 1944. 

1116 final illness began early in July 1949 with vague generalised muscular 
pains, at first most severe in the neck, right shoulder and the calves. He felt 
generally ill at this time and had troublesome constipation and anorexia. On 
the 7th August, roughly six weeks after the onset, pain in the right side of his 
neck spread up into the right temporal and parietal region where it became 
excruciating. Within a few days the left temporal region was similarly affected 
and the generalised muscle aches abated. The temporal pain was a constant 
ache punctuated by bouts of great severity and was severe enough to prevent 
sleep. He found the upright posture much more comfortable than recumbency 
and tried to sleep in that position. Tenderness in the scalp itself had not been 
noticed, and although almost bald, he had not been aware of any unusual 
appearance of the vessels of the scalp.' Trismus, lachrymation and rhinorrhoea 
were not experienced. 

On the 8th September he found Iiimself seeing double, but after four days 
this disappeared suddenly and he then discovered, on covering the eyes 
alternately, that he was totally blind in the left eye. On the next day he had 
six attaclcs of transient loss of sight in the right eye, but the right vision was 
not materially impaired up to the time he was admitted to Bings College 
Hospital on 14th September. 

On examination (14.9.49) he was a very ill man, with an occasional evenmg 
rise of temperature to 99-5'' F., but the pulse rate rarely exceeded 85 per minute. 
Both superficial temporal arteries were tortuous, cord-like though not nodular, 
and actively inflamed. Both vessels were uniformly tender to touch tliroughout 
their length. Pulsation was present at first but disappeared when the phase of 
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ttctixo mnarnmnlion mih^clod in a f<nv days, Tho other ‘^uporncml nrtonog wero 
motiemtoly tluckonetl but none was painful or mflamod 

"W o nre greatly mdobtocl to Mr L. II. Sa\ m for tho following onhthalmological 
report: On 10th September tho left fimduq pUowckI tho picture of comploto 
occlusion of tho central retinal artery. Tho right funrlus showocl n sovoro arterial 
spasm m tho mfonor temporal branch of the central rotmal artory, and tho 
xcina of both retmro were much engorged, 

Plij-sical oxamination dul not reveal any other abnormal signs. Thoro 
was Bomo cmphjsoma which masked tho apox boat, tlio heart sounds were 
normal, and there was no ovidenco clinically of tho myocardial anourvam 
subsequently found at post-mortem, Tho blood pressure was 155/70 mm. Hg. 
and tho unno normal. 

^ Tho E.S.K. on two occasions was strikuigly high, 119 mm and 12Q mm. 
m tlio first hour. Tho leucocyte count ^vas 10 0 thousand per c.mm. with 
03 per cent, neutrophils and 4 per cent. eosmophiLs 

A cardiogram on 0.10.49 (fig. 1)showed an isooloctric T wave m I, and m all 
tho unipolar proconlml loads there was n deop Q wave but tho T wa\ es wore 
normal. Tho appearances euggostod past oxtensivo trnnsmurnl antonor infarction. 
Tlio transient loss of vision which occurrotl on 8th Soptombor was successfully 
trcatoil by massage of tlio globe and inhalation of amyl nitnto. This produced 
a return to normal of vision and of fundits appearances m tho right oyo. Two 
f^hor transient ttttacics of amblyopia on 18 th Soptombor woro similarly reliovod, 
but on 20 th Soptombor \ is ion in tho right oyo was porraanontly lost. Tho fundus 
showed at this timo extreme pallor witfi greatly narrowed calibre of tho arteries 
and arterioles, and tho veins showed a retnarkablo streaming of blood towards 
tho disc. SCoxt day streaming hod ceased, and thoro woro sections of empty 
xoin between what scomod to bo thrombotic strotchos A slow “ cattle truck 
flow was talung place in tho artenas, tho blood column progressmg m jerks m 
timo With tho heart beat. On 29 9.49 a slow flow of blood could bo seen in tho 
inferior nasal branches of tho central vein. On let October arterial spasm was 
ogam evident and by then blmdnese was comploto with both fundi prosentmg 
tho picture of comploto central arterial occlusion 

Anticoagulant therapy was given using dicoiiraarol and hoparm from 
14th to 29th Soptombor m tho bopo of a\ crting further thromboses Satisfactory 
anticoagulatiN o effect was obtained as judged by prothrombm times but the 
courso of tho illness was not aftoctod, indeed thrombosis of tho right central 
retinal artery bocomo comploto at tho peak of tho anticoagulant offect. Nicotmio 
acid also appeared inofTcctiv o. 

Although now totally blmd liis temporal pam had gono and his general 
condition was slightly improved Ho was ambulant by 21st October but four 
da>8 later dD\olopod riglit frontal hoadacho and vertigo and shortly afterwords 
so\ero dj'splmgia and djrsarthna. Wcalcnoss of tho right facial movements, 
njstngmns, and a right jialntal palsy wore apparent and ho was considered to 
cerebral tlirombosis, probablj’^ m tho brain stem A cardiogram on 
~o 10 49 (fig. 1 ) showed biphosio T waves m all tho procordial loads, but there 
was no clinical ovidonco of recent myocardial mfarction The dysphagia became 
Tom gonoral condition dotorioratod and he diod on 26th October 

9, rougldy sixteen w’ooks from the first appearance of tho symptoms. 


POST-WORTEM EXASHNATION 

A complete oxamination was made eighteen hours after death. 
The body was that of a thin elderly man The heart (355 g.) showed 
Ru old infarct of tlio anterior wall of tlie left ventricle and anterior 
part of the interventricular septum, with a central calcified aneurysmal 
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area measuring 3-7 X 2>2 cm., mth thinning and fibrosis of the surround¬ 
ing myocardium, and overlying firm pericardial adhesions. There 
was another old infarct on the posterior wall of the left ventricle, 
measuring 2-Oxl'l cm., with marked myocardial thinning, some 
areas of calcification, and overlying fine pericardial adhesions. The 
coronary arteries showed extensive atheroma with severe narrowing 
of the lumen in several areas. The anterior descending and circumflex 
branches of the left coronary artery both divided into two branches 
immediately proximal to the anterior and posterior myocardial infarcts 
respectively. The aorta, its major branches and the basal cerebral 
arteries showed a moderate degree of atheroma. The temporal arteries 
were not enlarged, and no lumen was visible on the cut surface of 
either vessel. The lungs (R. 740 g., L. 480 g.) showed moderate 
congestion and oedema, and there were fine bilateral pleural adhesions. 
The liver {1360 g.) showed extensive diaphragmatic adhesions and 
mild chronic venous congestion. The spleen (135 g.) showed extensive 
perisplenitis. The brain (1300 g.) was macroscopically normal. There 
were no significant findings in the other organs. 

Histology 

The left and right temporal arteries both showed the tjpical 
picture of giant-cell arteritis (figs. 2, 3 and 4). The lumen was reduced 
to a mere slit by marked intimal thickening. There was no thrombosis. 
The inner zone of the intima was composed of cellular fibrous tissue 
of loose texture with mucoid material between the cells and a scanty 
cellular infiltration of macrophages and lymphocytes. The outer zone 
of the intima was composed of vascular connective tissue with a heavy 
cellular infiltration of macrophages and lymphocytes, a lesser number 
of plasma cells and very occasional neutrophil and eosinophil leucocytes. 
The line of demarcation from the media was indistinct, large segments 
of the internal elastic lamina were destroyed and the surviving portions 
showed fragmentation and reduplication. The maximal lesion was 
seen in the media, the whole circumference of which was involved 
but not uniformly. There were areas of coagulative necrosis and a 
heavy cellular infiltration similar to that of the outer intimal zone. 
Multinucleated giant cells of both the foreign body and Langhans’ 
types were present, chiefly in relation to the fragmented internal 
elastic lamina. The adventitia showed a cellular infiltration similar 
to that of the media but of lesser degree, and no giant cells were 
present. The cellular infiltration extended into the periadventitial 
connective tissue, and the vasa vasorum showed minimal cellular 
cuffing. 

An essentially similar appearance was seen in the following arteries : 
right and left ophthalmic, left retinal, right and left internal carotid 
at the site of origin of the ophthalmic artery, the two termmal 
branches of the left anterior descending coronary, the two terminal 
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■branches of tho circnmllox coronary and the right fcinoial In the 
Tight ophthalmic aitcrv the lumen "uas much reduced in size hy intimal 
tliickening and an organising thrombus uas present in tho lumen 
In tho deeper part of the mtima there %vas a fine granular deposit 
gning a positno iron reaction uith Prussian blue There was a small 
focus of medial necrosis showing a fine granular deposit resembling 
calcium, but not staining with alizarin red There were no changes 
in tho wall of tho right ictinal artcrj, but an organising thrombus was 
present in the lumen In the left ophthalmic artery tho cellular 
infiltration, including muUmucleatcd giant cells, extended out into 
the permd\cntitml tissue (fig 5) Tho iroMinal portion of tho left 
retmnl artery showed U";jiical changes of giaut-coU arteritis The 
lumen "was reduced to a slit, but no thrombus was present Sections 
of tho c^es showed gross dcgenerntion of tho optic nories, tho left 
more ndi anced than tho riglit In addition, on the riglit side se> oral 
of tho posterior cihar\ arteries showed marked intinnl thickening 
and diffuse cellular infiltration of all coats of tho \cssoI wall with 
macrophages, \y mphoc\ tes and occasional plasma cells In one artery 
\cry occasional giant colls were present The light carotid artery 
<?howed giant cell arteritis in\ ol\ mg half tho circumference of tho 
■vessel and atheromatous changes in tlio other half There was little 
decrease in tho size of tho lumen Tho left carotid artciy’^ showed 
t^ypical lesions of giant-cell arteritis mvohing the wdiole circumference 
of tho \ essel and tho lumen w as reduced to about half its normal size 
One branch of the loft anterior dc'^cending coronary artciy’ had a largo 
atheromatous plaque involving half tho circumforcnco of tho \ossel 
and typical giant cell arteritis in the other half, tho lumen of the 
\ essel being almost comidetely occluded In tho other tliree affected 
coronary arteries the lesion imolved the greater part of tho circura 
ferenco 'with gross diminution in the size of the lumen (fig 5) The 
lumen of the right femoral artery was moderately diminished Tho 
thickened intima was composed of looso-tc\tured cellular fibrous tissue 
■with a scanty cellular infiltration of macrophages and lymphocytes 
There were patchy areas of destruction of tho infernal elastic lamina 
in relation to which occasional giant cells were found Tho media 
showed occasional small foci of degeneration and there was a diffuse 
cellular infiltration of macrophages and lymphocytes There was 
some thickening of tho adventitia 

Sections were taken of the ascendmg and descending arch, the 
descending thoracic and abdominal portions of the aorta As the 
findings were somewhat equivocal, the aorta was divided mto five 
portions of approximately equal length, and from each portion a 
longitudinal strip was taken and treated by tho “ Swiss roll ” techmque 
(Hlagnus, 1937), so that the whole length of the aorta was exaramed 
Throughout the aorta there were occasional atheromatous deposits 
In addition and independently there were patchy areas of chronic 
medial degeneration Tho internal elastic lamella was absent and 
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there was sKght fibrosis in the inner part of the media with some 
collagen formation and, in some areas, separation of the elastic fibres. 
There was patchy cellular infiltration with lymphocytes, macrophages 
and plasma cells and a few capillaries were present. The intima 
showed patchy sclerosis and a scanty infiltration with lymphoojrtes, 
macrophages and plasma cells. The adventitia showed little apart 
from occasional cellular cuffing of the vasa vasorum. 

The following vessels showed no evidence of giant-cell arteritis :— 
innominate ; left subclavian ; right and left common carotid; origin 
of right external and internal carotid ; terminal portion of right and 
left internal carotid ; superior and inferior mesenteric ; right renal, 
brachial, radial and dorsalis pedis; right coronary and its three 
major branches ; left coronary and proximal portions of its anterior 
descending and circumflex branches ; basilar ; right and left anterior, 
middle and posterior cerebral; and right retinal. The right coronary 
artery and its three major branches showed moderate atheroma with 
areas of calcification and slight to moderate decrease in size of the 
lumen. The left coronary artery showed mild atheroma with only 
slight diminution in size of the lumen ; the proximal portions of the 
anterior descending and circumflex branches showed severe atheroma 
with gross intimal thickening and only a minute lumen and, in 
addition, an old recanalised thrombus was present in the circumflex 
branch. 

There was no abnormality of the small vessels of the kidneys, 
suprarenals or pancreas. Sections of the heart and liver confirmed the 
macroscopic findings. 

D 1 SOV 88 ION 

Considering the twelve recorded cases in which full post-mortem 
reports are available together with the present case, the frequency 
with which involvement of individual arteries has been recorded is 
as follows ;—aorta—eleven times ; internal carotid—six times ; 
external or common carotid, subclavian and iliac—^five times; temporal, 
coronary, innominate and femoral—three times; cceliac, mesenteric 
and ophthalmic or its branches—^twice; hypogastric, radial and 
pulmonary—once. These figures do not give a true picture of the 
incidence of giant-cell arteritis in the arterial system, as all the vessels 
listed above were not examined in each case, but they show that 
giant-cell arteritis is a generalised disease and some interesting points 
emerge from an analysis of the ill-effects of the lesions. 

Of special interest in the present case is the finding of lesions in 
the coronary and ophthalmic arteries. The only coronary arteries 
affected by giant-cell arteritis were those supplying the two infarcted 
areas of myocardium. It is tempting to suggest that giant-celi arteritis 
was responsible for the vascular closure producing myocardial infarc¬ 
tion. However, the two infarcts occurred seven and thirteen years 
respectively before the fatal illness and it appears unlikely from our 
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present knowledge of tliis disease that active lesions can persist for 
swch a long period. Furthermore, in both instances the more proximal 
portion of the vessel supplying the infarcted area showed gross 
atheroma with almost complete obliteration of the lumen. It seems 
more probable tberefore that the atheromatous lesions were responsible 
for the myocardial infarcts. Barnard observed tj’pical lesions in 
both the anterior descending and posterior coronary arteries of his 
case, but there was no ischa>mic heart disease. Dupont and Heenip 
noted a lesion in a branch of a coronary artery together with de¬ 
generative changes in the heart muscle. Cooke cf aL (case 0) noted 
marked lymphocytic and plasma-cell infiltration of the adventitia 
and media of the coronary arteries, and the heart showed patchy 
degeneration of the muscle fibres and well-marked replacement fibrosis. 
Though these findings are rather indefinite it is suggested that 
giant-cell arteritis may be a rare cause of coronary artery obstruction 
and it may be noted that ischicmic heart disease was the cause of 
death in 7 of the 27 recorded fatal cases of giant-cell arteritis. 

In the present case, vascular obstruction due to the lesions of the 
ophthalmic arteries and their branches \vas clearly responsible for 
both the optic atrophy and the retinal changes observed clinically. 
Involvement of the ophthalmic artery or its branches is common in 
this disease for, in the 137 recorded cases, 52 have had symptoms 
referable to the eyes and permanent blindness of one or both oyes 
resulted in 30 cases. The only other histological evidence of such 
involvement is recorded by Cooke ct ol. (case 6) where both retinal 
arteries sliowcd tj^pical lesions of giant-cell arteritis with obliteration 
of the lumen hy an orgnniring tlirombus. 

In view of the fact that 12 of the 27 recorded fatal cases of giant-cell 
arteritis died from cerebral vascular disease, occlusive lesions in 
the internal carotid and cerebral arteries would bo expected. In the 
present ease the immediate cause of death appeared, on clinical grounds, 
to have been a cerebral vascular lesion. No structural changes were 
observed in the brain but considerable occlusive changes due to 
giant-cell arteritis were present in the left internal carotid artery 
which may have been responsible for the right-sided paretic signs 
observed in the two days preceding the patient’s death. In two of 
Gilmour’s cases (cases 2 and 3), lesions of the internal carotid artery were 
associated with thrombosis and a cerebral infarct, and in jVIciMillan’s 
case internal carotid-artery thrombosis and a cerebral infarct were 
present but the histological lesion in the vessel was equivocal. 

Although lesions in the aorta appear to be common they produced 
ill-effects in only one case. McMillan reported aortic lesions associated 
with partial rupture and limited dissection of the aorta. In two 
further cases aneurj^sm formation has been reported. Gilmour (case 1) 
recorded a death from rupture of an aneurysm of an affected subclavian 
artery, and Crosby and Wadsworth (1948, case 2) described a dissecting 
aneurj^sm in a biopsy specimen of a temporal artery. 
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THE EFFECT'UPON THE GHOWTR OF ROUS 
SARCOI\IA OF A DIET DEFICIENT IN 
VITAi^HN E 

D. B. Cater 

From the. Department of Pathology^ University of Cambridge 

(Plates XC^TH-C) 

In the course of an investigation into the effect of Rous sarcoma upou 
tlie endocrine organs of tlio tumour-bearing host, marked degenerative 
changes wore found in the testes of the cocks and comparatively slight 
changes in the ovaries of the hens. This suggested the possibility 
that the tumour might render the birds deficient in vitamin E. The 
preen glands of the tumour-bearing cocks and hens also shovred 
degenerative changes (Cater, 1961). Experiments were therefor© 
planned to find if n diet deficient in vitamin E would influenco the 
growth of Rous sarcoma, and whether control birds on a vitamin E- 
deficient diet would show degeneration of testes and preen gland 
similar to that found in tumour-bearing codes fed on a normal diet. 

A widespread green ©xudato was often found in tho subcutaneous 
tissues of birds ^vith Rous chicken sarcoma No. 1. This suggested a 
similarity with the “ exudative diathesis of chickens as described 
by Dam (1944), and led to the choice of liis basal diet No. 97 for tho 
experiments. Although tliis diet is deficient in vitamin E, it contains 
10 per cent, of cod liver oil and is therefore rich in vitamins A and D 
and tho essential unsaturated fatty acids of marine origin. 

In the experiments to bo described chicks fed on tho basal diet 
No. 97 developed tho exudative diathesis and changes in testes and 
preen gland. They also developed muscular dystrophy with changes 
similar to those described by Pappenheimer and Goottsch (1934) in 
tho muscles of ducklings fed on a vitamin E-deficient diet. 

Methods 

The basal diet No. 97 of Dam used in tho experimonta contains por 100 g.:— 
cod liver oil 10 g. i dried yeast (ether extracted) 10 g. j casein 16 g.; sucrose 
44-9 g. j gelatine 8 g.; gum arabic 6 g,; JIcCoUum's salt mixturo No. 185 
6 g.; and choline 0-1 g., together with Bupplements of vitamin K substitute 
and copper, manganese and iodine salts (Dam, Kruse, Prange and Sonderga^rdt 
1948). 

Attempts to render cocks of 3.4 months of ago vitamin E deficient on this 
diet failed to produce any of tho signs of tho exudative diathesis within the 
experimental period. It was therefore necessary to use day-old chicles, in 
which this diet produces the exudative diathesis in about 12 days. 
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T\venty-five day-old cocl^ were divided into 6 groups of equal weight 
distribution and treated as detailed in table I, Birds fed on a normal laboratory 
diet and with or without Rous sarcoma were also available for comparison. 

Tabuk I 


Details of diet and treatment in an experiment to show the effect of vitamin E 
upon the growth of Rous sarcoma and upon the histology of the testes aiid 
preen gland 


Group 

Xo. Of birds 

Diet, 

Supplement 
of tocopherol acetato 
per 100 g. of diet 

Injection of 

Hous sarcoma cells 
on 17th day 

1. N-B 

5 

(one died) 

Basal diet 

No. 97 of Dam 

None 

None 

2. T-E 

5 

» 1 

None ' 

Tumour injected 

3. N-)-E 

5 

1 


None 

4. T+E 

5 

» i 

10 mg. 

Tumour injected 

5. N-f-!-E 

1 

1 


None 

C. T-}-+E 

4 

1 ” 1 

30 mg. 

Tumour injected 


Individual weight curves of the birds in all groups were kept and the birds 
were regularly examined for signs of the exudative diathesis. The vitamin E- 
deficient groups N—E and T—E showed exudates beneath the skin of the 
breast, loss of activity and appetite and some slowing of the rate of growth 
before the 17th day. Group T —E therefore showed signs of vitamin E deficiency 
before being injected with Rous sarcoma cells. 

When 17 days old (15th day of feeding) the birds in groups T—E, T+E 
and T+ +E were injected with 0*05 ml. fresh Rous sarcoma hash into the right 
breast muscles. Palpable tumours were present 4 days later and continued to 
grow imtil the birds were killed. Because of the time involved in the post¬ 
mortems only half the birds could be killed on the 28tb day ; the rest had to 
he left until the 29th or 30th day. For the sake of uniformity it is desirable 
to refer findings such as tumour-weight to the same day and it was assumed 
as a first approximation that tumour growth was proportional to its age in 
order to estimate the weight of tumour on the 28th day in the birds killed one 
or two days later. 

The birds were killed by cervical dislocation, the tumour was weighed and 
material was taken from tumour, testes, preen gland, muscle and adrenals. 
Tissues from controls and tumour-bearing birds were compared by the following 
histochemical techniques :— 

Esterase activity by the method of Rachlas and Seligman (1948-49); 

Alkaline phosphatase, by the Gomori techmque, keeping within the time 
limits, etc., suggested by Danielli (1946); 

Acid phosphatase by the Gomori (1941) technique ; 

Polysaccharides by the periodic acid-Schifi’s reagent method (P.A.S.), 
(McManus, 1948); 

Lipids by the prolonged osmic-acid staining techmque used by Dalton an 
Peters (1944-45) for adrenal cortex. 

Results 

Chowtli and clinical ajjpearance of the birds 

Erom 15 days old onwards, the vitamin E-deficient birds were 
listless, ate poorly, tended to squat or had unsteady gait and neck 
retraction; their combs were pale, and oedema, sometimes wi i 
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green discolouration, could bo seen beneath the skin of the breast. 
Tliis cedoma was intermittent. Some birds developed a swelling at 
the angle of the jaw, and some a swelling of the joints of the legs. 

Up to 14 days the weight curves of tlio different groups showed 
no significant variation. From tliis point they diverged ; the vitamin. 
E-doficient groups (N—E and T—E) increased but little in weight, 
whereas the groups supplemented v ith alpha tocopherol, 30 mg./100 g. 
of diet, both vuth and without tumours (N-f-+E and T+4-E), grow 



very rapidly and showed excellent development of feathers. The groups 
with tocopherol 10 mg./100 g. of diet (N+E and T-fE) grew some¬ 
what less vigorously. The vitamin E-deficient birds with tumours 
(T—E) appeared a little healthier than those without (N—E) until 
the tumours began to get large. One bird of group N—E died when 
18 days old ; the others survived but in very poor condition. 

The growth of the txmcnir in relation to the growth 
of the bird 

The rates of growth of the birds in the different groups are shown 
in figs. 1, 2 and 3. 



BODY WEIGHT IN GRAMS BODY WEIGHT IN GRAMS 



Fig. 2. 
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Tho absolute size of the tumours ^rns greatest in group 
and least in T*f-{-E» f'liQ difference was not statistically significant. 
The size of the tumour rolativo to tho body weight was greatest in 
group T—E and least in group T-f+E, with group T-fE occupying 
an intermediate position (table II). 

Table II 


Average uxxght of tumour tn rc^aOon to average U'cight of host 


Group 

tumour 

A\crapk5 «olirht of tilnls 
on Sfctti vhy 

Tumour weight ns 
pereentaRp of l»od> weight 

T~E 

13.7 g. 

118 g. 

■ 

U-6 

i T+E 1 

1 

Ifi 0 g. 

165 g. 

O-T 

1 i 

i 

i it-7 g. 

1 

[ Its g. 

1 

6'! 


The vitamin E-deficient birds put on very little weight after 
injection with tho tumour cells on the 17th day. The weight of 
the tumour accounted for 61*5 per cent, of tho total increase of weight 
from the 17th to tlio 28th day in group T—E, for 25*0 per cent, in 
group T-fE and for 15-5 per cent, in group T+-f-E. The marked 
retardation of growth on tho vitamin E-deficiont diet thus failed 
to retard the growth of the Rous sarcoma; in fact tho post-mortem 
appearances suggested that the tumour was growing relatively better in 
the vitamin E-doficiout birds. 

Macroscopic appearances of Iltnts sarcoma 

The naked-oyo appearance of tho Rous sarcoma in tho groups 
fed tho diet supplemented with tocopherol was of the usual type. 
The tumours were confined iio tho muscle or wore just beginning to 
fungato along the track of the needle. Tho skin was not adherent 
or infiltrated. In sharp contrast, all tho tumours in the vitamin E- 
deficient group showed unusual features. They were white, fleshy, 
and without necrosis or hiemorrhago. There were numerous, fine,, 
local, secondary deposits in tho cedema fluid over both pectoral muscles 
and down tho right kg, Tho skin over tho tumour was adiierent, 
thickened and infUtrated. These appearances suggested that there 
were factors favouring the local spread of Rous sarcoma in tho birds 
with the exudative diathesis. 

Posi-moriem signs of vitamin E deficienci/ 

Group N—E showed pale, watory-looking breast muscle in contrast 
with the red muscle of group E'-f-4-E, Two out of five of the birds 
in group N-f-E showed faint, pale streaks in tho muscle, suggesting 
that the breast muscle might bo affected in tho vitamin E-deficient 
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birds and prompting histoohemical examination of muscle. One bird 
in group N~E bad a zone of red, translucent muscle in the leg. The 
scanty fat was yellow-brown in colour and subcutaneous mdema had 
been present in each of the vitamin E-deficient birds at one time or 
other between the 15th and 28th days. Two out of four of group 2?~E 
stiU showed mdema at post-mortem examination. Where the mdema 
had subsided the sldn w’as adherent to the muscle. 

It is interesting to note that the presence of the Rous sarcoma in 
the groups supplemented with alpha tocopherol caused oedema in 
relation to the tumour. Four out of five birds in group T-f E showed 
more or less green oedema and three out of four in group T-f--fB 
showed some oedema surrounding the tumour. 

All preen glands were white instead of the usual buff colour, possibly 
owing to the absence of carotenoids from the synthetic diet. The 
preen glands of groups T-fE and N—E were smaller than those of 
group IST-f E, and those of group T~E were yet smaller. 

The testes of groups N~-E and T—E were small, misshapen and 
sometimes yellowish in colour. 


Histocliemical resztlts 

Preen gland. Histoohemical examination of the preen glands by 
the techniques for esterase, acid phosphatase, glycogen and lipi(fe 
showed that increasing degrees of activity were caused by Rous 
sarcoma, vitamin E deficiency and vitamin E deficiency-plus-Rous 
sarcoma, leading in the last group to a marked degree of work atrophy. 
'This is illustrated in figs. 4, 6, 6 and 7, which show the preen glands 
of the four key groups stained for esterase activity. Cater and Lawrie 
(1950) described two parts of the preen gland, an outer sebaceous 
and an inner glycogen zone. In fig. 4 the lower half of the section 
shows the glycogen zone with its cells staining for esterase. The 
upper half of the section shows the sebaceous zone with little activity 
in the cells and scanty secretion in the tubules. The preen gland 
from group T-fE (fig. 5) shows considerable esterase activity in the 
cells and more secretion in the tubules of the sebaceous zone; the 
secretion stains strongly for esterase. These changes are even more 
pronounced in group N—E (fig. 6). In group T—E the process of 
work exhaustion is almost complete and the cells of the tubules in the 
sebaceous zone have broken down to form large masses of secretion. 
There is great reduction in the thickness of the walls of the tubules 
and the tubules are much shorter in length so that the whole organ 
is thinned. The tubules in the glycogen zone also appear to be under¬ 
going atrophy (fig. 7). _ _ 

The other liistochemical techniques give results which are consistent 
with the above interpretation. Group T-f+E shows changes similar 
-to group T-fE although less marked. 

Tesfes. The testes in group N-f E show tubules lined by an orderly 
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Fig. 4.—Preen gland of a normal cock fed on diet 97 of Dam-{-10 mg. tocopherol/100 g. 
diet (group stained for esterase activity and lightly counterstained with 

hicmatoxylin. The cells of the glycogen zone stain well but there is little activity 
or secretion in the sebaceous zone sho'\\m in the upper half of photograph, x GO. 

Fig. 5. —^Preen gland of a group T-fE bird fed on diet 97 of Dam+ 10 mg. 
tocopherol/100 g. of diet and injected with Rous sarcoma cells on the 17th day. 
At post-mortem the tumour constituted 10 per cent, of the body weight. 
Esterase activity is considerable in the cells and secretion of the sebaceous zone. 
Esterase stain, x GO. 

Fio. 6.^—^Preen gland of a group N—E bird fed on vitamin E-doficient diet 97 of Dam. 
Most of the cells in the tubules of the sebaceous zone have turned into secretion. 
Esterase stain, x 60. 

Fig, 7.—Preen gland of a group T—E bird fed on vitamin E-deficient diet 97 of Dam 
and injected with Rous sarcoma cells on the 17th day. At post-mortem the tumour 
was 18 per cent, of the body weight. The gland wall is thinned and the degenerate 
tubules of the sebaceous zone are filled with secretion which stains for eateroao. 
Esterase stain. X 60, 
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Fi«. 8.—^Testis of u group N -fE bird* The testis cords are tubular and are lined with 
a single layer of cells. Tlie interstitial cells are moderate in number. Alkaline 
phosphatase, 2 hrs.^ incubation—neutral red. X 255. 

Fig. 9. —^Testis of a group T-fF bird. Bous sarcoma constituted 16 per cent, of the 
body weight. Tho cells of the testis cords are multiplying and forming a double 
layer. Tlie interstitial cells are increased in number. Alkaline phosphatase, 
2 hrs.—neutral red. x 255, 

Fig. 10.—^Testis of a group X —E bird. The testis cords are more than one cell thick 
and are desquamating into the lumen. The interstitial cells are increased in 
number. Alkaline phosphatase, 2 hrs,—^neutral red. x 255. 

Fig. 11.—^Testis of a group T—E bird. Bous sarcoma constituted 19 per cent, of the 
body weight, Tho testis cords are 2 or 3 layers thick. Strands of interstitial 
cells are present but are disintegrating. Alkaline phosphatase, 2 hrs.—neutral 
red. X 265. 
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layer of cells, one coll thick, surrounding a moderate lumen. The 
tubules are enclosed by a basement membrane which stains well 
for allcnlino phosphatase, as do the surrounding oval-ahapcd colls of 
the stroma. A moderate mimber of bands of interstitial cells stand 
out because of their unstained cytoplasm (fig. 8, alkaline phosphatase, 
2 hrs.’ incubation). 

In the testes of group T-j-E the tubules are more disorderly and 
the la^’cr of colls lining the tubule is often two cells thick. The numbers 
•of interstitial cells are increased (fig. 9). 

Tiie vitamin E-deficient group N—E shows the same type of change. 
One tubule in fig. 10 shows a mass of desquamating colls in the lumen. 
The increase of interstitial cells is noteworthy. 

In group T—E the process is more advanced, the tubules show two 
or more laj'crs of colls and the interstitial colls in certain places are 
undergoing disintegration. 

The tendency for the Rous sarcoma and the vitamin E-doficient 
diet to cause precocious development of the testes in these month-old 
birds is interesting in view of the retardation of body growth in groups 
N—E and T—E. It suggests that the desquamation of spermatids 
and spermatocytes into the lumen of the testis tubule in the 3- to 
5-montIi-old birds with Rous sarcoma (Cater) might be duo to a 
premature attempt to produce germ cells, an uncontrolled ovoractivity 
leading to degenerative changes. 

The sections stained with osmic acid confirm the increase in the 
eelU m the vitamin E-defielent gcoup and tha tumour- 
bearing birds. In tlicse groups the individual interstitial cells show 
much larger droplets of lipid than in the controls. 

Histochemistry of the dystrophic muscle of the vitamin E-deficieut 
4 diicks, The vitamin E-deficient chicks of group N—E show marked 
degenerative changes in the muscle of the breast and legs. Degenerat¬ 
ing muscle fibres are present, some of which show wide separation of 
their transverse strintions as if the weakened muscle had been over¬ 
stretched (fig. 13). The degenerating muscle fibres are separated by 
vdde zones of inflammatory cells, which stain heavily for alfcaluie 
phosphatase (fig. 12). Tliis distinguishes them from Rous sarcoma 
xiells, which stain poorly. 

Some of the acetone-fixed sections show granular material in 
degenerating muscle fibres. Tliis stains black by the acid phosphatase 
method both with and without substrate. As it gives no Prussian-blue 
reaction for iron, it may be the brown pigment which IMoore and 
Wang (1943) described in dystrophic muscle. 

Some of the degenerating muscle fibres show fine P.A.S. positive 
granules which outline the transverse striations (fig. 14). These no 
longer stain after incubation for half an hour with salivary amylase 
and are therefore glycogen. 

It is interesting to note that in or near the invading edge of the 
Rous sarcoma there are patches of degenerating muscle fibres which 
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stain positive witli P.A.S. These changes occur not only in groups 
T+E and T++E but also in birds fed on a normal diet (see fig. 15). 
These degenerating muscles no longer stain after treatment with 
salivary amylase, so they contain free glycogen. The droplets of 
polysaccharide seen in the Rous sarcoma cells are not affected by 
sahvary amylase. 

Vitamin E and licemolysis 

Gyorgy and Rose (1949) have shown that the washed red cells 
from vitamin E-deficient rats are rapidly haemolysed by dialuric acid. 
The haemolysis can be prevented by tocopherol, especially if the red 
cells are incubated with this substance. 

Because of the time involved in the post-mortem examinations, 
it was possible to test the blood of only one or two samples from each 
group of chicks for haemolysis by dialuric acid. Haemolysis occurred 
in the chicks on the basal diet No. 97 but only after the mixture of 
washed red cells and dialuric acid had stood at room temperature for 
some hours. It was thought that the nuclei of the red cells in birds- 
might make them more robust. The results were consistent with the 
rest of the findings of the experiment. 

Histochemistry of Rous sarcoma 

The findings were similar in all respects to those recorded in a 
previous communication (Cater), with the additional observation that 
the tumour does not stain by the esterase technique. 

Discussion 

It is widely held that tumours grow best in rapidly growing animals. 
Little, Oleson and SubbaRow (1948) found that the reduction of the 
caloric intake to two-thirds depressed the growth of Rous sarcoma. 
In my experiments, the vitamin E-deficient birds ate badly and grew 
slowly in comparison with the birds whose diet was supplemented 
with tocopherol; yet they grew tumours, the absolute weights of 
which were about the same as in the control group and the tumour 
weight relative to the weight of the bird was greater than in the 
control group. Either the growth of Rous sarcoma was independent 
of the presence or absence of vitamin B in the diet, or taking into 
account the small size and poor rate of growth of the ^dtamin E- 
deficient birds the tumour grew relatively better in the deficient birds. 
The local spread of the tumour in these chicks supports the latter view. 

Testicular degeneration can result from vitamin E deficiency 
(Evans and Burr, 1927 ; Adamstone and Card, 1934) or from vitamin . 
deficiency (Mason, 1933) or vitamin A excess (Cormier, 1948) and from 
lack of the essential fatty acids (Evans, Lepkovsky and Murphy, 1 1- 

Diet No. 97 of Dam is rich in vitamins A and D and unsaturated fatty 
acids and deficient in vitamin E, and is therefore likclj'" to m uce a 
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Fia. 12. —Disintegrating muscle fibres, separated by wide zones of inflammatory cells 
from a vitamin E-deficient chick. Alkaline phosphatase, 24 hrs*. incubation— 
neutral red. x 266. 

Fig. 13.—^Disintegrating muscle fibres from a vitamin E-deficient chick showing the 
transverse striations widely separated. Prolonged osmic acid staining. X 265. 

Fig. 14.—^The same chick as shown in figs, 12 and 13. One disintegrating muscle 
fibre stains strongly by the P.A.S. technique and other fibres are siirrounded by 
cells with positively stained granules. P.A.S.—flight green. X 265, 

Fig. 16.—Rous sarcoma from a chick fed on a normal laboratory diet, showing P.A.S.- 
positive material present in disintegrating muscle at the edge of the tumour. Some 
of the tumour cells also stain. P.A.S. —light green, x 265, 
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vHainin A and E imbalance. Thus in the exudative amthcsis 
Iho changes in tho testes and preen gland might bo duo to lad; of 
vitamin E, to excess of vitamin A, to tho marine acids, or to a 
combination of all these factors. 

Tho degeneration of the testes and preen gland m cocks with 
Kons sarcoma appears similar to that in birds with tho exudative 
diathesis. If tho Rous sarcoma caused signs of vitamin E dofidenoy 
because it used up tho available supplies of vitamin E in its own 
metabolism, it would bo unlikely to grow freely in animals already 
showing clinical signs of lack of tho vitamin. Tho vitamin E require- 
ments of tho Rous sarcoma thtis appear to diOfor from those of tho 
Jensen rat sarcoma recorded by Coko and Reyes {10 tO). There arc 
at least two possible explanations; firstly, vitamin E may net as a 
controller of mesenchymal proliferation, as suggested by the presence 
of abnormal proliferation of tho racsenchymo in tho vitamin E-doficiont 
cluck embrj-^o (Adamstono, 1031) and tho Rous sarcoma may inhibit 
this controlling mechamsm; secondly, Rous sarcoma may daborato 
a growth-promoting substanco with an action similar to that of 
vitamin A. Tho two possibilities arc certainly not mutually oxclusivo. 

Tho work of Claude (1935), Jobling, Sproul and Slevons (1937) 
and RoUntd (1939) suggests that tho phospholipid fraction is an 
essential component of the Rous sarcoma virus. Tho preen gland 
produces lipids, and Cater and LawTio (1951) suggested that tho 
sebaceous zone might produce the part of tho precn-glaud secretion 
responsible for feather lubrication. Unpublished investigations 
suggest tlmfe phospholipids are present in tho secretion of tho sobaceous 
zone of tlio preen gland. It would bo instructive, therefore, to 
investigate the dTect of tho lipid fraction of tho Rous sarcoma upon 
this organ. 

SuitMAnv 


1> Tho effect of feeding tho basal diet Ko. 97 of Dam (dcfjdont in 
adtamin E and rich in cod liver oil), with or without a supplement of 
alpha tocopherol acetate, upon tho growth of Rous sarcoma in chicks 
was investigated. Tho cHects of vitamin E ddicioncy, Rous sarcoma 
and vitamin E deficiency together with Rous sarcoma, upon tlio testes 
and preen gland were studied liislo chemically. 

2. When Rous sarcoma was inoculated into chicks fed on tho 
basal diet and already suffering from tho oxudativo diathesis, tumour 
growth was not retarded although tho rate of growth of tho chicks was 
conspicuously lowered. Tho presence of numerous secondary deposits 
m tho vicinity of the primary tumour suggested that tho exudative 
diathesis favoured the local spread of Rous sarcoma. 

3. The interstitial cells of tho testes were increased by vitamin E 
deficiency or by Rons sarcoma, and they contained larger drops of 
Upid tban in the controls. In birds with Rous sarcoma or vitamin E 
deficiency the testicular tubules rvoro Jinod by tivo layers of colls 
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instead of the single layer seen in the normal controls. These changes 
were more marked in the deficiencj^-plus-tumonr group. 

4. Degenerative changes in the preen gland were present in the 
vitamin E deficiency group and in the tumour group, and were most 
pronounced in the vitamin E deficiency-plus-tumour group. 

5. The results are consistent with the view that vitamin E 
deficiency causes the same tj^e of change in the testes and preen 
gland as does Rous sarcoma in birds fed a normal diet. The effects 
of the deficient diet and the tumour appear to he additive. 

6. The histological features of muscidar dystrophy were present 
in the vitamin E-deficient chicks. 

I should like to express my thanks to Professor H. R. Dean, Dr T. Moore, 
Miss E. M. Cruikshank, Dr Kendal C. Dixon and Dr N. R. Lawrie, who have 
read the manuscript and made many valuable suggestions ; to ]\Ess Jean Cook 
and SEss B. D. Disbrey for technical assistance, and to Mr S. Patman for the 
photography. 
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THE EXFERLMENTAL PRODUCTION OF PULMON¬ 
ARY OEDEI^IA AVITH MOIONIUiM SALTS, 
TOGETHER AATTH A CLASSIFICATION OF LUNG 
(EDEMAS 

G. R Casierox and A Hai^iid Sheikii 

Department of JMorbxd Anatomy, Vnxier^ty OoUega Hospital 
Medical School, London 

(Plate CI) 

Dttke^q 1942 ono of us noticed that the mtrapentoneal injection of 
largo doses of ammomum chloride gave acute pulmonary oedema m 
rats It was not possible at that time to continue the investigation 
and the matter was forgotten until recent American publications 
re-awakened our interest and raised our hopes that tins particular 
oxamplo might fit into the general plan of study we are developing for 
pulmonary oedema A short preliminary account of some of our 
current work has been given m a lecture by Cameron (1951) 

^Methods 

We have worked almost wholl} with mnlo albino Wistar rata which averaged 
150 g bod} weight A few experiments were performed with guinea piga and 
mice but smeo they gave negative results they will not be described Several 
male rabbits, 2 kg body weight, were used for blood pressure observations 
Various ammonium salts were injected intrapentoneally or by stomach tube 
ns 6 per cent solutions m distilled water With few exceptions the experiments 
were over witlim 30 mmutes, the animals djmg from pulmonary oedema 
Animals that recovered were killed with other or Nembutal either ot the end 
■of the experiment or 24 hours afterwards Protective tests were carried out by 
intrapontonoal admmistration of various drugs Double vagotomy was per 
formed in two stages as described by Cameron and De (1949) The lungs wero 
fixed after death by suspending them by the ligatured trachea m 10 per cent 
formol saline for 24 48 hours After slicmg the fixed tissue mto small segments 
it was embedded in paraffin in the usual way and etamed with Ehrlich’s acid 
hsematox} lin and eosm and Weigert’s iron hsemntoxylm and van Gieson 


Results 

The pulmonary oedema is due io the ammonium ion 

We have produced pulmonary oedema in rats by the mtrapentoneal 
injection of the chloride, carbonate, sulphate, phosphate [( 3 !lH 4 ) 8 HT 04 ], 
nitrate, acetate, citrate and bromide of ammonium. In all cases we 
3 mil niCT—VOL, ixin too 2 q2 
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used a 6 per cent, solution; we have made no efforts to find out 
whether any of these salts are more effective than others. It is obvious 
from the success we obtained with such a variety of salts that the 
ammonium ion must be the factor responsible for the oedema. Neither 
acidosis nor alkalosis can be blamed, for the same reason, but to 
make sure that this was a fair deduction we put the question to the 
test by giving large amounts of acid and alkali to rats. No piilmonary 
oedema appeared under such extreme conditions. 


The course of the oedema 

The symptoms which develop shortly after the administration of 
large doses of ammonium cliloride, with which most of our work was 
done, fall into two classes, nervous and respiratory. The former 
include muscular weakness, hyperexcitability to sound, pain and 
touch, widespread muscular fasciculations, convulsions and coma in 
that order. They overlap the respiratory phenomena although the 
two classes of disturbance may be dissociated and sometimes one 
class develops without the other. Respiratory symptoms include 
dyspnoea, stridor and respiratory failure terminating in the final 
outpouring of frothy fluid or blood from the nostrils. 

Pulmonary oedema comes on within 5-15 minutes after injection 
of ammonium salts. It is preceded by patchy congestion and acute 
emphysema which rapidly involves both organs. The lungs then 
have a bright red colour and are fully expanded. Sometimes blood 
is poured into the air spaces in which case the lungs may feel solid. 
Free pleural fluid is not found. Microscopical examination shows 
that the perivascular and peribronchial lymphatics are prominent and 
then dilated at a very early stage. These changes quickly give place 
to alveolar oedema, at first localised and regional but soon generalised 
(figs. 1 and 2). Small areas of hsemorrhage are always present in these 
patches of osdema and not uncommonly they rapidly become extensive. 
No simple explanation, such as rupture of capillaries, has been dis¬ 
covered for the hsemorrhage and we are forced to regard it as an 
extreme instance of permeability change within the capillaries, favoured, 
perhaps, by the violent respiratory movements which set in at this 
stage. The resemblance to other forms of acute pulmonary mdema is 
close and no stage or feature is omitted. The oedema fluid is rich in 
protein from the beginning. The outcome of ammonium intoxication 
is thus a strictly localised pulmonary oedema. Apart from dilatation 
of the right heart we have found no other structural disturbance, 
though we have paid little attention to the histology of the central 
nervous system. 

In all, we have studied the development of ammonium oedema m 
60 rats, 40 of which were males, 20 females. Eight animals died irith 
severe nervous symptoms before there w'as time for oedema; the 
incidence of oedema was 87 per cent, both in males and females. 
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TTho latter wore somewhat more sensitive to ammonium cliloride than 
males, a dose of 7-S c.e. per hg. body weight of a G per cent, solution 
being effective in the former case as against 9-10 c.c. per kg. of the 
same solution for males. 

Absence of licomodynamxc disturbances in the rabbit after 
intravenous injection of ammonittm chloride 

In four rabbits the carotid and right auricular pressures were 
recorded by the methods used by Cameron and Be, with the animals 
under Nembutal anscsthesia. Varjdng amounts of 6 per cent, solution 
of ammonium chloride were injected intravenously, the maximum 
dose given being 7 c.c. per kg, body weight, either singly or repeated 
several times. Gross pulmonary oedema did not develop, but convul¬ 
sions were induced Avith regularity. ^licroscopical examination of the 
lungs from these animals showed distended hilar lymphatics and 
small to medium-sized patches of mdema throughout the organs. No 
significant change in arterial and venous pressures occurred during 
the pro-convulsive phase. With comnilsions the right auricular 
pressure rose rapidly as the carotid pressure fell. AVe conclude that 
lesser degrees of pulmonary mdoma develop in the rabbit after the 
intravenous injection of ammonium chloride without hasmodynamic 
■disturbance. 

The pulmonary oedema is not prevented by double vagotomy nor 
by cervical sympathectomy 

Eive adult male rats, 150-200 g. body weight, were submitted to 
double vagotomy under light ether and Nembutal ancesthesia, due 
regard being paid to tlie precautions mentioned by Cameron and Do, 
3Each rat was given 10 c.c. of G per cent, ammonium cliloride solution 
intraperitoneally immediately after division of the second vagus 
nerve. In five control rats a mock operation was performed in which 
■all procedures were gone through except section of the vagi. These, 
too, received a dose of ammonium chloride intraperitoneally similar 
to the first group. Batal pulmonary oedema developed in all ten 
animals in 5 to 15 minutes. 

Division of both cervical sympathetic chains in the lower third 
of the neck was performed in four male rats, along witli mock 
sympathectomies in four control animals. Pulmonary oedema Idlled 
the eight animals ndthin 16 minutes when ammonium chloride was 
administered in the usual fashion. 

The (Edema can be prevented or modified by various drugs 

We have tried to prevent or modify the pulmonary oedema by giving 
various drugs to the animals before injecting ammonium cliloride 
intraperitoneally (fig. 3). The results are summarised in the table. 
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1. Depression of the central nervous system. Morpliine sulphate^ 
20 mg. per kg. body weight subcutaneously, prevented pulmonary 
cedema in nine out of a group of ten rats. Chloralose, 60 mg. per kg. 
intraperitoneally, prevented cedema in all members of a group of 
10 rats. Ten rats were kept under deep ether anesthesia for periods 
up to two hours after injection of ammonium chloride. Four which 


Brain 



died within an hour showed moderate to severe oedema. Of ten rats 
given 40 mg. per kg. Nembutal half an hour before admim'stration of 
ammonium chloride, seven died of severe pulmonary oedema in 
25-95 minutes. Each experiment was carefully controlled. 

2. Blocicing of autonomic ganglia. Nicotine, which bloclcs ganglion 
cells, was injected subcutaneously in 0-5 c.c. doses of 1 :100 aqueous 
solution of pure alkaloid into ten rats. This dose gives pronounced 
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effects for at least half an hour. Ammonium clilorido was injected 
mtraporitoncally 15-20 minutes after nicotine. Only two rats showed 
moderate pulmonary oedema. All five control rats died from severe 
oedema. 


Table 

The prevention of ammonium chloride pulmonary oedema by' means of 
various drugs 


Drug 

Intcn-at hetMcdi 
admInHt ration of 
dniR and ammonium 

chloride (minuter) 

Xo. of rats 
treated 

Xo. with 
pulmonary 
oedema 

Percent. 

pulmonary 

(edema 

None . . ... 

0 

00 

52 

87 

Corti<?ono .... 

20 hours 

5 

5 

100 

Atropine sulphate 

00 and 15 

20 

10 

80 

Phenergnn .... 

50 

10 

8 


Anthisan .... 

30 

10 

7 


Nombutnl .... 

30 

10 

7 

70 

Ether anesthesia 

At onco 

10 

4 

40 

Ergotoxino .... 

2 daily doses, 
3-5 hours after 
2nd doso 

10 

4 

1 

40 

Cocaine hydrochlorido . 

15 

10 

2 

20 

Nicotino .... 

20 

10 

2 

20 

Morphino sulphate 

40 

10 

* I 

10 

Chloraloso .... 

40 

10 

0 


Dibenamino 

15 

10 

0 

0 

Priscol .... 

15 

10 

1 0 

0 


3. Bloching of cholinergic effector cells. Two intraperitonoal 
injections of atropine sulphate, each of 0*26 mg. per 200 g. body weight, 
were given at CO minutes and 15 minutes before administration of 
ammonium chloride. Sixteen of twenty rats died witliin 20-30 minutes 
of severe pulmonary oedema. 

4. Bloching of adrenergic nerves. Ergotoxino ethane sulphonate 
(physiologically tested) was injected subcutaneously on two successive 
days into ten male rats. Ammonium chloride was administered 
3-6 hours after the second dose. Four rats died with severe pulmonary 
oedema 40-110 minutes after ammonium chloride injection. 

Priscol (2 benzyl-4 : 6-imidazoline hydrochloride) was given in 
doses of 1 c.c. per kg. body weight subcutaneously 5-16 minutes before 
ammonium chloride to fifteen male rats. None developed pulmonary’- 
oedema (fig. 4). 

Dibenamine (N,N-dibenzyl-j3 chlorethylamine hydrochloride) was 
injected intraperitonoally into ten male rats in doses of 24 mg. per kg. 
body weight 16 minutes before ammonium chloride was given. All 
of the rats died in about 10 minutes with severe nervous symptoms 
but none showed pulmonary oedema. Thus striking results were 
obtained in the prevention of oedema by the use of adrenolytic drugs 
although none of these suppressed the central nervous disturbances 
caused by ammonium chloride. 
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5. Anii-histamine drugs. No success can be claimed for Phenergan 
(25 mg- per kg. body weight subcutaneously) or Anthisan (25 mg, 
per kg. body weight subcutaneously) given 30 minutes before 
ammonium chloride. 

6. Other agents, Intraperitoneal injection of cocaine hydrochloride, 
50 mg. per kg. body weight, 15 minutes before ammonium chloride 
reduced the incidence of pulmonarj^' oedema, only two of a group of 
ten rats showing oedema. All of a control group of ten receiving the 
same dose of ammonium cliloride showed extensive oedema of their 
lungs. Through the kindness of our colleague, Dr A. D. Bangham, 
we were able to inject ammonium chloride into five rats 20 hours after 
a large dose of Cortisone (5 mg. per rat). Severe pulmonary oedema 
appeared in all five animals in 5-25 minutes, identical with that 
developing in control rats given a similar dose of ammonium chloride. 

Discussion 

Our experiments show that intoxication with the ammonium ion 
quickly produces acute pulmonarj^' oedema of a catastropliic type 
which terminates fatally witliin 5-30 minutes. The oedema is accom¬ 
panied by serious disturbances of the central nervous system which, 
in themselves, may be responsible for death, for we have been able 
to prevent pulmonarj^ oedema without modifying the severity of the 
nervous symptoms. The oedema runs through a typical course which 
is identical with that found with other forms of acute oedema such 
as the fibrin neurogenic oedema described by Cameron and De. Thus 
there is histological evidence of increased lymph flow from the lungs, 
overflow of fluid from the lung capillaries into the air spaces, frequently 
hsemorrhage on a large scale and acute patchy emph 3 ^sema. We 
obtained no evidence of serious h£emod 3 mamic disturbance in animals 
receiving large intravenous doses of ammonium chloride until the 
convulsive stage was reached. The liigh protein content of the oedema 
fluid suggests that capillary permeability for protein had been increased 
and we attribute this to the ammonium intoxication. 

In an attempt to carry the analysis of this altered capillary 
permeability a step further we have sought for means of preventing 
the pulmonarj^ oedema by interrupting connections between the 
nervous sj^^stem and the lungs. Some success has attended our efforts 
for we have succeeded in habiting or completefy preventing oedema 
vith central nervous S3’^stem depressants such as morphine and 
chloralose, b 3 ’ blocking autonomic ganglia with nicotine and adrenergic 
nerve endings with Priscol and Dibenamine. On the other hand, 
blocking cholinergic effector endings with atropine or interrupting 
paras 3 Tnpathetic pre-ganglionic fibres and afferent fibres from the lungs 
by double vagotom 3 ’’ did not prevent ammonium oedema. Division 
of both cervical S 3 "mpathetic chains liljewise was without value, nor 
were anti-histamine drugs such as Phenergan and Anthisan of use 
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These results siiggest that the nervous system plays an important 
part in the initiation of acute lung oedema duo to ammonium ion 
intoxication. In particular, the s^nnpathetic system seems to be 
concerned in this process; there is no reason for incriminating the 
parasympathetic s 3 'stem since its connections 'with the lungs and 
cardio-vaxscular system can bo severed witliout influencing the course 
of the ammonium oedema. Wo 'would suggest that this form of lung 
cedema ho classified as an adrenergic nervous oedema. 

Acute pulmonary’’ oedema has been produced in guinea-pigs, rats, 
cats and rabbits by- the oral and intraporitoncal injection of largo 
doses of various ammonium salts (Windlo ct aL^ 19fu ; Koenig and 
Koenig, 194Sa and b ; 1949fl and b ; Mackay et aL, 1949 ; and 
Winter, 1949). American workers have also prevented or inliibited 
the oedema by prior administration of adrenergic blocking agents 
(Koenig and Koenig, 19496 ; Mackaj-^ ct nh, 1949) but not by the 
interruption of parasympathetic nerve impulses (Koenig and Koenig, 
19496) nor h^' the use of anti-histamine drugs (Mackay et a?,, 1949; 
Winter, 1949). Their results are thus in close agreement with ours. 
Koenig and Koenig (10496) differ in obtaining negative results with 
morphine and chloralose and they conclude that central nervous system 
depressant dnigs in doses sufficient to induce anaesthesia do not 
prevent ammonium pulmonary oedema. These workers, too, favour 
a sympathetic nervous origin for the oedema and show that bilateral 
adrenalectomy in rats reduces, but does not prevent oedema, that 
section of the spinal cord at or above the level of the first thoracic 
vertebra is also effective, but that division of the cervical sympathetic 
chain docs not prevent oedema. Mesencephalic docerebration, too, 
was effective in rats wliich survived the operation. Koenig and 
Koenig point out that hypertension is not a necessary prerequisite 
for pulmonary oedema since oedema sometimes develops without 
hypertension while hyq^ertension can be induced by ammonium salts 
without accompanying pulmonary oedema. We have not been able 
to confirm the Koenigs’ observations on transection of the spinal 
cord because our rats invariahlj^ died soon after the operation. 
The outcome of all of these investigations may bo summarised 
in the suggestion that ammonium oedema of the lungs is bound up 
with the sympathetic nervous control of tiiose organs and the cedema 
may he labelled adrenergic nervous cedema. 

During the last two years we have been using the self-same pattern 
of study for the investigation of other types of experimental pulmonary 
oedema. We have found, for instance, that the oedema which results 
from giving a naplithyl thiourea (ANTU) to rats cannot be controlled 
by drugs or devices aimed at interrupting both divisions of the 
autonomic nervous sytom, that the fibrin neurogenic cedema responds to 
block of the cholinergic nervous system and to anti-histaraine drugs 
but not to adrenergic nerve block, though Halpern and his co-workers 
(Cruchaud and Vermeil, 1950) apparently were able to prevent this 
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t 5 rpe of oedema by such means. We would recall that Falpem ct ah 
(1950) have inhibited the pulmonary oedema caused by inhalation of 
chlorine and phosgene gas by the use of anti-histamine drugs, and that 
other workers in two World Wars have failed to obtain beneficial results 
by interrupting the parasjTupathetic and sympathetic nerve supplies 
to the lungs of gassed animals. This oedema would thus appear 
to be the result of primary endothelial damage. We would also 
remind the reader that hydrostatic and osmotic factors are still 
retained as possible causes of lung oedema although the experimental 
and clinical evidence for these distinctions is far from clear. 

Accordingly we suggest as a tentative classification of pulmonary 
oedema the following scheme :— 

1. Hydrostatic. 

2. Osmotic. 

3. Neurogenic 

A. Adrenergic. 

B. Cholinergic. 

4. EndotheHogenic. 

Future investigation may necessitate the modification of the 
classification but for the time being it will serve as a plan for further 
work. 


SOTtJIAEY 

The intraperitoneal injection of large doses of ammonium salts 
induces acute pulmonary oedema in rats associated with, but 
independent of, intoxication of the central nervous system. Pre¬ 
medication of animals with sympatholytic drugs inhibits or prevents 
the oedema but parasjunpathetic blockage, whether by double 
vagotomy or administration of atropine, is without influence. Anti¬ 
histamine drugs, too, are ineffectual. For these and other reasons 
it is suggested that ammonium pulmonary oedema be labelled as a 
tj^e of adrenergic nervous oedema. A tentative classification of 
pulmonary oedemas is proposed. 

We wish to thank Dr R. A. Mehrotra for preparing the diagram and photo¬ 
micrographs and Mr F. J. Crew for much assistance with the experiments. 
Expenses were met by a grant from the Graham Research Frmd. 
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CARDIAC LESIONS IN RABBITS FOLLO^VING 
INJECTIONS OF HORSE SERIBI 

T, Crawford and J. R, Nassui 

» From the Department of Pathologi/^ St George's Hospital 
Medical School^ London 

(Plates CII-CIV) 

Longcofe, in 1915, noted myocardial lesions in rabbits which had 
received injections of horse scrum, consisting only of round-cell 
infiltration with musclo-fibrc degeneration. Although he found no 
similar lesions in Ills control rabbits, these changes do not differ clearly 
from those later described by Jliller (1924) in a liigh proportion of 
apparently normal uninjected rabbits. Ivlinge (1929-30) described 
arterial lesions resembling potyarteritis nodosa in rabbits which had 
been given repeated horse-serum injections, and Vaubel (1932) found 
similar vascular lesions together with myocardial lesions resembling 
Aschoff bodies. Metz (1931-32) had already obtained this t^^o of 
lesion following injections of bovine serum. 

Since these earlier studies horse-scrum injections into rabbits have 
been widely employed in the investigation of hyperergic tissue reactions 
with strilving variation in the incidence and severity of lesions, and 
the interpretation of the results has varied correspondingly. In the 
present study an unusually large number of rabbits has been given 
horse-scrum injections and the morphology of the lesions has been 
carefully studied and compared with that of lesions occurring in 
untreated rabbits and in diseases of man. 


ESPEIUMENTAIi METHODS 

Ninety yovmg adult male rabbits from mixed stock and weighing 1 *6-2.6 kg. 
were given injections of horse serum. Hiis serum wag Idndly provided by 
Burroughs WelJcomo and Company and it showed an average protein content 
of 6*6 g. per 100 ml. (albumen 1*96 g.i a and )5 globulins 2-24 g., y globulins 
1*40 g,). Senmi dosage followed the scheme of Ricli and Gregory (1943a). 
intravenous injections of 10 ml. per kg. body weight being given on the first 
and nineteenth days of the experiment, with a small injection of 1 ml. between 
the two largo doses, on the seventeenth day. The animals were killed from 
4 to 8 days after the last dose by means of an injection of hexabarbitone sodium 
and autopsy was performed immediately. The heart and other tissues wore 
fixed in aqueous mercuric chloride followed by formol-saline. After a few 
hours fixation, when firm enough to cut, the heart was sectioned transversely 

J. PATH. DACI.—VOL, LSHI 619 



€20 


T. CEAWFOBD AND J. R. NASSIM 


to give 6 to 8 thin blocks. These were embedded in parafixn and sections were 
cut and stained by the usual tecliniques, special attention being paid to the 
demonstration of fibrin in the lesions. To this end Weigert’s fibrin stain, 
Mallory’s phosphotimgstic aeid-hajmatoxylin, the picro-MalJory method 
<Lendrum and SlcParlane, 1940) and the acid pioro-Malloiy modification 
^Lendmrn, 1949) were employed. 

Tlie control material consisted of 30 rabbits from the same stock as the 
experimental animals. Tliey were not given any injections. Of these controls, 
15 were apparently healthy rabbits while the remaining 15 had developed some 
illness and either died or were Idlled in the same way as the injected rabbits. 
The illnesses were not always diagnosed but included respiratory and alimentary 
infections as well as certain parasitic diseases. These two groups of control 
rabbits are referred to in the following sections as “ normal controls ” and 
■“ sick controls ” respectively. 


Resitlts 

Lesions were found in the myocardium, valves and coronary 
arteries in a high proportion of the animals. In the following para¬ 
graphs a description is given of the various types of lesion encountered. 


A. Myocardial lesions 

1. (Edema. Slight degrees of oedema are difficult to assess and so 
this condition was recorded only %vhen there was wide separation 
of the muscle fibres. This was seen in 19 (21 per cent.) of the experi¬ 
mental animals and was not seen in the controls. It was most evident 
in the papillary muscles of both ventricles and in the lateral waU of 
the right ventricle. 

2. Lymphocytic foci. Collections of lymphoc 3 des were foimd in 
the myocardium of 41 (46 per cent.) of the injected and 6 (20 per cent.) 
of the control animals. They varied in size from small groups of a 
dozen or so cells up to large aggregations measuring as much as a 
mm. in diameter. The large lesions, however, were not numerous, 

3. Histiocytic foci. This term is used for convenience to designate 
cellular collections consisting of rather indeterminate forms with the 
general features of tissue histiocytes (fig. 1). These cells varied from 
12 p. to 18 fi diameter ; they were round, oval or irregular in outline 
with a round or indented nucleus having a well-defined nuclear 
membrane. Occasional larger forms with two or more nuclei were 
seen and there w'as a varying admixture of lymphocytes and plasma 
cells in the lesions (fig. 2). Trequently, near the centre of these foci, 
some rather indistinct eosin-staining material was present. Usually 
it gave the staining reactions of collagen, but in 8 experimental animals 
lesions occurred which contained material giving the reactions of 
fibrin (fig. 3). In some of the older lesions delicate new-formed 
collagen fibres were present among the cells. These lesions occurred 
with no apparent relationship to blood-vessels in 15 experimental 
animals and one control, and in a paravascular position in 39 experi¬ 
mental animals (fig. 1). Similar lesions occurred as subendocardial 
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to give 6 to 8 thin blocl^s. These were embedded in paraffin and sections were 
out and stained by the usual techniques, special attention being paid to the 
demonstration of fibrin in the lesions. To this end Weigert’s fibrin stain, 
Mallory’s phosphotungstic acid-hmraatoxylin, the picro-Mallory method 
<LencIrum and McFarlane, 1940) and the acid picro-Mallory modification 
<Lendrum, 1949) were employed. 

Tlie control material consisted of 30 rabbits from the same stock as the 
experimental animals. Tlioy were not given any injections. Of these controls, 
16 were apparently healthy rabbits while the remaining 16 had developed some 
illness and either died or wore killed in the same way as the injected rabbits. 
The illnesses were not always diagnosed but included respiratory and alimentary 
infections as well as certain parasitic diseases. Tliese two groups of control 
rabbits are referred to in the following sections as ** normal controls ” and 
sick controls ” respectively. 


Results 

Lesions were found in the mj'ocardium, valves and coronaiy 
arteries in a high proportion of the animals. In the following para- 
gi’aphs a description is given of the various tjq^es of lesion encountered. 


A. Myocardial lesions 

1. (Edema, Slight degrees of oedema are difficult to assess and so 
this condition was recorded only when there was vnde separation 
of the muscle fibres. This was seen in 19 (21 per cent.) of the experi¬ 
mental animals and was not seen in the controls. It was most evident 
in the papillary muscles of botli ventricles and in the lateral wall of 
tlie right ventricle. 

2. I/ym'phocytic foci. Collections of Ijnnphocytes were found in 
the myocardium of 41 (46 per cent.) of the injected and 6 (20 per cent.) 
of the control animals. Tlioy varied in size from small groups of a 
dozen or so cells up to large aggregations measuring as much as a 
mm. in diameter. The large lesions, however, were not numerous. 

3. Histiocytic foci, Tliis term is used for convenience to designate 
cellular collections consisting of rather indeterminate forms with the 
general features of tissue histiocytes (fig* !)• TJiese cells varied from 
12 ft to 18 ft diameter ; they were round, oval or irregular in outline 
with a round or indented nucleus having a well-defined nuclear 
membrane. Occasional larger forms %vith two or more nuclei were 
seen and there was a varying admixture of lymphocytes and plasma 
cells in the lesions (fig, 2). Frequently, near the centre of these foci, 
some rather indistinct eosin-staining material was present. Usually 
it gave the staining reactions of collagen, but in 8 experimental animals 
lesions occurred wliich contained material giving the reactions oi 
fibrin (fig. 3). In some of the older lesions delicate new-forme 
collagen fibres were present among the cells. These lesions occurre 
with no apparent relationship to blood-vessels in 15 experimenta 
.animals and one control, and in a paravascular position in 39 < 5 xpen 
mental animals (fig. 1). Similar lesions occurred as subendocar a 
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Kio. 5.—Giant ccU contnininj; frag¬ 
ments of necrotic lienrt-musclo fibre. 
Kabbit 42, Ilicranlum • phloxinc* 
tartmxmo. X400. 



Fio 7 —Endothebal proliferation forming n 
plaque on the surface of the mitral \abe. 
Rabbit 47. H. and E. X 90. 



Fio. C—Histiocjdic focus m the mitral \al\o 
showing fibrm like material amonirst the colls. 
Rabbit 2G Mallorj’*s phosphotvmg^tic acid- 
hjcmatoxjhn. / 100, 



Fig. 8 —Endothelial proliferation m n 
small coronarj' artery. Blood space-* 
ha\e formed among tJio proliferated 
cells Rabbit 57. H. andE. a 75 
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foci (14 injected animah), and as subepicardial foci (14 injected 
animals) Altogether 40 experimental animals exhibited one or 
more of these ^ anotios of the lesion 

4 Diffuse cellular lufiUraiion Diffuse infiltration of the myo¬ 
cardium by lymphocytes, plasma cells and larger mononuclear cells 
of the histiocyte class was seen in 32 (3G per cent) of the injected 
animals and did not occur m the controls (fig 4) The area involved 
\aricd from as little as a lov power microscopic field up to largo 
tracts of the mjocarduim as much as a cm long The right aimclo 
and \entnclo were more fiequenti} in\ohed than the left 

o Eosinophilic infiltration Small areas of mjocardial infiltration 
bj eosinophils were seen in 6 injected animals and in ono animal 
of the sick control group 

G Muscle 7iecrosis Neciosis of muscle fibres occurred m only 
three of the injected animals In each case the necrosis was limited 
to the lateral wall of the right ventricle Individual fibres and small 
groups of fibres were affected and there was no apparent relationsJnp 
to vascular lesions Recently affected fibres stained intensely with 
phloxmo and show ed the other staimng properties of fibnn , in older 
lesions the staining was less intense Soon the necrotic fibres frag¬ 
mented and numerous lustiocy tes and giant cells of foreign body 
t 3 T)o accumulated m tho v icinity In many of the giant cells fragments 
of tho necrotic muscle, still showing the staimng reactions of fibrin, 
•could be seen (fig 5) Removal of the necrotic fibres was accompanied 
bj ‘^ome overgrowth of fibrous tissue 

7 Anilschfoto cells The curious cells described by Anitschkow 
(1913) and since given a confusing v’^anety of names were seen m tho 
mvocardium of 18 (20 per cent) of the injected rabbits and 3 (10 per 
-cent) of the controls These colls are usually oval or elongated m 
shape and have an oval nucleus in which the chromatin is collected 
into a dense central longitudmal bar from which dehcate transverse 
strands pass out to the conspicuous nuclear membrane Sometimes 
these cells entered into the formation of the lustiocytic foci but 
frequently they lay between the muscle fibres without any clear 
relationship to other lesions 

B Valvular lesions 

1 (Edema As with the myocardium, oedema of the valves proved 
difficult to assess m stained sections Definite separation of the 
fibres of the interstitial tissue of the cusps was, however, noted m 19 
(21 per cent) injected rabbits and 3 (10 per cent) sick controls 

2 Histiocytic foci Cellular foci, similar to those occurring m the 
myocardium, were present in the valves of 36 (40 per cent) injected 
animals and of 4 (13 per cent) controls The mitral valve was involved 
in each of these cases and in some the aortic or tricuspid valve was 
nlso affected As wath the myocardial foci, some of the lesions con- 
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tained material giving the staining reactions of fibrin (fig. 6). This 
was seen in 6 injected and two control animals. 

3. Endothelial proliferation. Proliferation of the surface endo- 
thelinm of the valve cusp, forming a small elevated plaque, occurred 
on the mitral valves of 15 injected animals and was seen also on the 
aortic valves of some of the same rabbits (fig. 7). It did not occur 
in the controls. 

4. Anitsclihoio cells. These cells were seen in the valve cusps of 32 
(36 per cent.) injected rabbits and 3 (10 per cent.) controls. 

C. Lesicms of the coronary arteries 

1. Nuclear changes. The most frequent alteration in the vessels 
consisted in the appearance of curious nuclei amongst the muscle 
fibres of the media, and sometimes extending into the intima and 
adventitia as well. These nuclei closely resembled the nuclei of the 
Anitschkow cells mentioned above as occurring in the valves and 
myocardium, but distinct cell outlines could not be recognised and 
the identity of these cells with the myocardial and valvular Anitschkow 
cells is not certain. The change was seen principally in medium-sized 
and small branches of the coronar 3 ’’ arteries and was most frequent 
in the arterioles of the papillarj’^ muscles of the left ventricle. It 
was present in 65 (72 per cent.) of the injected animals and in 8 (27 per 
cent.) controls. 

2. Endothelial proliferation. Proliferation of the endothelium of 
the coronary arteries, forming a layer several cells thick, was encoun¬ 
tered in 27 (30 per cent.) of the injected animals. This change usually 
involved the complete circumference of the affected segment but 
was sometimes limited to a part of it. In some cases the proliferated 
cells showed palisading or arch formation, and blood-containing spaces 
developed between the endothelial ceUs (fig. 8). 

3. Medial swelling. Swelling of the medial coat of small vessels 
with blurring of the outlines of the muscle fibres (fig. 9) was noted 
in 49 injected rabbits and in one sick control. This change was often 
associated with the nuclear changes described above, and there were 
commonly cellular foci in relation to the affected vessels. The 
sweUing and distortion of the media appeared to represent the earliest 
stage or mildest degree of the more severe necrotising lesions described 
below. 

4. Aledial necrosis. This fully developed lesion was seen in 16 
(18 per cent.) of the injected rabbits. When present it usually involved 
the whole circumference of the affected segment of vessel, but the 
length of these segments varied from as little as approximately 60 y. 
to as much as a centimetre or more. Material giving the staining 
reactions of fibrin appeared in early lesions as a delicate network 
between the muscle fibres of the media, while in more advanced lesions 
the whole media was converted to an amorphous mass of the same 
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Fig 9—Mcdtnl s«climgmth blurring of outlines Fro 10—Necrosis in tho trail of a 
of miisclo fibres m a small coronnrj artcrv small coronary artcrj Rabbit 55 

There is some pcritfisculnr cellular infiltration Piero Jlnllorj x40 

Rabbit 159 H nmlE x200 



Pio 11—Stretching of tbo internal elastic 
lamina, in a coronart nrterj ttitli necrosis 
of its media Rabbit 57 Weigertaan 
Gieson x 80 



Fio 12 —Scarring of a coronary artery 
There is fibrous tliickonmg of tho mtima 
and adtcntitia, and fibrous replacement 
of medial muscle Rabbit 37 Weigert- 
von Gieson X 43 
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material (fig, 10). In the severest lesions there was some extension 
of necrosis into the intima and adventitia. Concurrently with this 
necrosis there was always some alteration in the internal elastic 
lamina. In the less severely affected arterial segments the lamina 
had merely lost its usual wavy fonn and appeared stretched and 
taut (fig. 11); but mth more severe lesions gaps appeared in the 
membrane and in some instances it was totally disorganised. 

5. Arterial scarring. In a number of the hearts arteries were seen 
in which there was irregular fibrous replacement of the muscular coat 
with defects in the internal elastic lamina and fibrous thickening of 
the intima (fig. 12). These were the late results of necrosis, brought 
about by organisation and absorption of the necrotic tissue; they 
were seen in 19 (21 per cent.) of the injected rabbits, seven of which 
also showed the active necrotic stage in nearby vessels. 


Discussion 

In. the accompanying table tiio incidence of the various lesions in the injected 
and control groups of animals is summarised. Amongst the myocardial losions 

Tabm: 


Incidence of indtvidttal lesions in injected and control rabbits 



Inlf'ctcd mbblts (00) 

HjjjjBHnMjiiiii 


dumber 

p^r cent. 

Normal 

(15) 

umber 



MYOCARDIAI. RESIOKS 





B 

(Edema . ... 

Ifl 

21 

0 

0 

WBm 

Lymphocj’ttc foci 

41 

40 


2 

B8 

Histiocvtic foci .... 

49 

54 


1 


Diffixso mfilt ration 

32 

36 


0 


Eosinophilic infiltration 

C 

7 


1 


iluscle necrosis .... 

3 

3 


0 


Anitschkow cells 

18 


Wm 

■■ 


VA^.^'UI.An UESIONS 




■■ 


CEdema .... , 

19 ' 

21 

0 


10 

Histiocytic foci.... 

3G 


2 


13 

Endotlielial proliferation 

i 15 

17 

0 

0 

0 

Anitschkow colls 

1 32 

36 

1 

1 


Arteriax UGSio^rs 





BB 

Nuclear cliangcs 

<55 

72 

1 

T 


Endothelial proliferation 

27 


0 

0 


Medial swellmg .... 

49 

54 

0 

1 


Necrosis ..... 

tc 

IS 

0 



Scarring ..... 

19 

21 

0 

0 j 



The figures in parentheses indicato the number of animals in each group 


it is clear that neither the lymphocytic foci nor the presence of Anitsclikow cells 
could he regarded as specific results of the injections ; bub even so those changes 
were twice as frequent in the injected os in the control animals. Evidently 
these are non-specific reactions which may result from a variety of stimuli. 
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including injections of this type. This clearly applies also to the nuclear changes 
amongst the arterial lesions and perhaps to the oedema, histiocytic foci and 
Anitschkow-cell proliferation among the valvular lesions. 

The lymphocjdiic foci in the myocardium correspond to the lesions described 
by Miller as ‘‘ spontaneous interstitial myocarditis and seen by him in 20 out 
of 34 apparently healthy adult rabbits. He found in addition cellular foci 
containing macrophages, but in the present aeries of control animals such foci 
were encountered in only one of the 30 rabbits whereas 54 per cent, of the 
injected rabbits showed this type of lesion. There can be no doubt that in most 
of these animals the histiocytic foci were the direct result of the injections. 
Tliis applies especially to the lesions containing material giving the staining 
reactions of fibrin, for such material never occurred in the lesions of the control 
rabbits. The myocardial lesions described as diffuse cellular infiltration^ 
eosinophilic infiltration and muscle necrosis were also almost confined to the 
injected rabbits and appear to be direct if less frequent effects of the 
injections. 

Amongst the valvular lesions endothelial proliferation was encountered 
frequently' in the injected animals and not in the controls, but the position with 
histiocytic foci in this situation was less clear. Our findings are in agreement 
with More and McLean (1949) who found “ granulomatous lesions in the valve 
cusps of 2 out of 25 control and 6 out of 77 injected rabbits. Their finding 
that lesions in the valve-ring occurred only in the injected rabbits was not fully 
confirmed in our material for although ring lesions occurred in S injected rabbits 
there was one example amongst the sick controls. In addition deposits of 
fibrin were observ'cd in the lesions of two of the four control rabbits showing 
histiocytic foci in the valves. In these controls, however, the fibrin was in a 
more superficial position than in the injected rabbits and may well have 
represented a surface deposit wliich had become incorporated in the tissues. 

With the exception of tlie nuclear changes, the arterial lesions are all clearly 
related to the injections ; and it is seen that 28 (31 per cent.) of the injected 
animals showed either medial necrosis or the scarring which succeeds it, or a 
combination of these lesions. Tlmt is to say that under the conditions of these 
tests approximatelj' one third of the injected animals showed the fully developed 
arterial lesion. A further 24 rabbits showed only the medial swelling regarded 
as the earty or mild lesion, and thus 52 (68 per cent.) altogether showed some 
degree of the vascular lesion. This incidence is lower than some other workers^ 
have observed, for Rich and Gregory {1943o) found arterial lesions in 70 per 
cent, of their animals, McKeown (1947) in 88 per cent., and More and McLean 
in 73 per cent. On the other hand, Alston, Cheng and Short (1947) found no 
lesion in 32 injected animals, and Smith and Zeek (1947), with 8 rabbits, had 
similar negative results. These variations in the incidence of the arterial 
lesions are difficult to explain and Rich, in a letter quoted by Alston, Cheng 
and Short, has suggested indi\ddual differences in the rabbits rather than 
differences in the serum as the likely explanation. In the present investigation 
the animals showing lesions have been fairly uniformly distributed tlirough 
the series and there has been no significant difference in the incidence of lesions 
obtained with the different batches of horse serum. The failure of Smith and 
Zeek to record an example of arterial necrosis in their small group of only 
8 animals is not particularly*’ surprising for we found this lesion in only 18 per 
cent, of our animals ; but it is strange that Alston, Clieng and Short fotmd no 
such lesion in their larger series of 32 rabbits. 


The chief interest of these experimental lesions lies in the 
resemblance they show to the lesions occurring in certain diseases of 
man. In this connection the necrotic arterial lesion shows such a 
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striking resomblanco to lesions of polyarteritis nodosa m man as to 
suggest at once a similar pathogenesis for the t^ o conditions, and 
m fact, since the rOMval of interest m the subject which followed 
Eich and Gregory’s work (1943a), it has been widely accepted that 
polj arteritis nodosa results from acquired hypersensitivity to some 
protein or protein conjugation product It should be remembered, 
however, that closely similar lesions v ere seen by Wilson and Byrom 
(1941) in rats rendered hypertensive by the application of n clip to 
one renal arterj, while Fnedman, Jarman and Klemperer (1941) 
produced similar but less extensive lesions in rats, using a cellophane 
strip enveloping one Indney to produce tlie hypertension Smith, 
Zeek and JIcGuire (1944), employing the silk permopliritis techmque 
to render their animals hypertensive, were able to reproduce “pen 
arteritis nodosa ” in both rats and dogs, wlulc Selye and Pentz 
(1943) found similar lesions in rats which had developed hypertension 
following unilateral nephrectomy and administration of dcsoxy- 
corticosterone acetate and sodium chloride We are faced, therefore, 
vnth two experimental procedures each of which m suitable circum 
stances leads to lesions closely resembling those of human polyaitentis 
nodosa In the first the ammals axe rendered hypersensitive to foreign 
protein, while m the second a sharp elevation of blood pressure is 
induced by some suitable manmuvro It would scorn that the first 
typo of experiment leads to a tissue antigen-antibody reaction 
ebaractensed by necrosis and altered staming reactions m the vessel 
wall, with a cellular reaction in and around the mjured area , while 
in the second group of experiments a sudden elevation of the blood- 
pressure damages the madequately adapted arteries, leading agam 
to necrosis and altered staining reactions in the vessel wall vvuth a 
secondarj’^ cellular reaction as in the former type of lesion Collateral 
evidence from chnical sources strong^ supports the hypersensitivity 
expenments as representmg the closer parallel to the pathogenesis of 
human polyarteritis nodosa , hypertension occurs m only 64 per cent 
of cases of poljartentis nodosa and may come on late in the disease 
(Hams, Lynch and O’Hare, 1939), and many cases have now been 
recorded in which there was direct evidence of some form of hjqier- 
sensitmty such as serum sickness (Clark and Kaplan, 1937 , Rich, 
1942) 

Comparison of the myocardial lesions with the lesions of human 
rheumatic carditis shows pomts of close resemblance, but here agam 
there has been much difference of opmion Vaubel noted the 
resemblance of tbe cellular nodes m the hearts of his experimental 
rabbits to the Aschoff bodies of rheumatism, and the close relationship 
of the expenmentai and natural lesions has been supported by Rich 
and Gregory (19436), Hopps and Wissler (1940), McKeown (1947), 
Store, Waugh and Kobernick (1949), Roberts, Crockett and Laipply 
(1949) and Wisslor, SmiiU and Lesh (1949) On the other hand Fox 
and Jones (1944) regarded the lesions as only vaguely resembling 
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Aschoff bodies ■while Ehrich, Seifter and Forman (1949) consider 
the heart lesions not typical of rheumatic fever, but corresponding 
more to those of rheumatoid artlxritis. Similarly, More and McLean 
look upon the experimental “ rheumatism-lilre lesions ” of valws 
and muscle as unconvincing because comparable lesions were seen 
in then.’ control I’abbits and the difference in incidence was not 
statistically significant. 

The present investigation supports the first group of workers who 
stress the close resemblance of the experimental and rheumatic lesions. 
The argument hinges around whether or not the experimental histio¬ 
cytic foci are in fact the counterpart of the Aschoff bodies of 
rheumatism. Gross and Elirlich (1934a and 6) have subdivided 
myocardial Aschoff bodies into two main varieties which they term 
the reticular and coronal t 3 rpes respectively, and Lendrum (1941) 
has confirmed this sub-division and has described the staining reactions 
in detail. In the reticular type there is amongst the cells a varying 
amount of fibrin-like material forming an interlacing network ; while 
in the coronal type the cellular collections surround some swollen 
collagen fibres winch do not give the staining reactions of fibrin. 
The descriptions we have given above of the histiocytic foci in the 
myocardium of the injected rabbits fit remarkably closely to these 
two types of lesion. Fibrin-like material was present in some of the 
foci in 8 animals, and these lesions correspond in general form to 
the reticular type (fig. 3) wliile in 41 animals this was not observed 
and aU the lesions corresponded to the coronal type. The cellular 
constituents differed little from those seen in human lesions, though 
fewer large and multi-nucleated forms occurred. The differences 
observed are not beyond what would be anticipated in such widely 
differing animal species. 

Of the other myocardial changes found in the injected rabbits, oedema and 
diffuse cellular infiltration are similar to changes commonly observed in the 
hearts of children dying in the early acute stage of a rheumatic attack. The 
extensive necrosis of muscle fibres seen in three of the rabbits, and noted 
previously by More and McLean, has not any clear paraOel in human disease ; 
it would seem to be the coimterpart in the heart of the more frequent necrosis 
of muscle occurring in the coronary arteries. In the valves of the rabbit hearts 
nothing closely resembling the vegetations of rheumatism has been seen, though 
ffidema and cellular foci are represented in both conditions. On the whole, 
the resemblance between the experimental myocardial and valvular lesions 
and the lesions of rheumatism, though far less strildng than the similarity of the 
experimental arterial lesions to polyarteritis nodosa, is nevertheless sufficiently 
close to suggest a parallel pathogenesis, and so to lend support to the hypoth^is 
that rheumatic lesions result from sensitisation of the tissues to some foreign 
antigen. 

In these experiments the antigen employed has been a very complex 
mixture and it is desirable to determine whether particular components 
of the mixture are responsible for the different types of lesion observed, 
or whether the effects are non-specific in character and independent 
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of tlio nature of the antigen. The difdculty of obtaining suitable 
pure antigens is considerable but if this can be achieved it will be of 
interest to compare the incidence of the lesions they induce with the 
incidence of similar lesions observed in the present study. 

SnsrMARY 

Ninety rabbits were given repeated intravenous injections of 
horse scrum and were killed 3 to 8 days after the last injection. The 
microscopic lesions occurring in the myocardium, heart valves and 
coronary arteries were compared with material from 30 control rabbits. 

Significant arterial lesions occurred in 5S per cent, of the animals, 
and showed a strilung resemblance to the lesions of polyarteritis nodosa 
in man. The myocardial and valvular changes, which were seen 
respectively in 54 and 40 per cent, of the animals, are, however, less 
obviously the counterparts of rheumatism. Nevertheless, the histio- 
cjric foci show variations corresponding closely to the reticular and 
coronal of Aschoff body, and the resemblance is sufficient to 

lend support to tho view that the lesions of rheumatism are the result 
of a tissuQ antigemantibody reaction. It is not yet clear whether the 
multiplicity of lesions obtained in these experiments is the outcome 
of tho use of horse serum—a complex mixture of antigens—or whether 
the effects are independent of the nature of the antigen. The 
elucidation of this problem will require tho use of suitable pure antigens. 
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HYPERSENSITIVITY REACTIONS TO HORSE SERUM 
IN THE BLOOD ^UESSELS OF RABBITS 

A Haaiid Sheikh 

Departmmi of Morbid Anolomy, Umicrsity College Hospital 
Medical Schoolt I/ondon 

(Plates CV am) CVI) 

This paper describes expoiimonts 111 'nhich In porsensiti\ ity leactions 
were e\oked m animals by injecting the “ shoclung ” dose of antigen 
directly into the walls of largo blood vessels 

llEXnODS 

Twch e male albmo rabbits, 1 8 2 1 g bodj "weight, were sensitised against 
filtered sterile normal horse serum containing no preservatue by the method 
of Rich and Gregory (1943) Nino animals received an mitial mtravonous 
injection of 20 ml serum per 1 g bodj weight, tliroo 10 ml per kg The sub 
sequent dosage was 10 ml per kg for all ammals except two which wore given 
20 ml per kg os the second dose The latter was admmistered on the nmeteenth 
day, tlie rabbits bomg partially desensitised by an mtravenous injection of 
1 ml serum gi\ cn 24 hours previously In experiments with multiple mjections 
the timo spacing was 12 16 days, without recourse to previous dosensitisation 
One rabbit died iramodiately after the first dbsonsitismg dose and another 
24 hours after the fourth massif e dose 

An mtradermal mjoction of 0 2 ml horse serum was first given on the 
twelfth day for skm testmg The onsumg reaction was pronounced m a number 
of rabbits but consisted of a famt erydihema, 6 7 mm diameter, in others 
Later tests wore much more actn e m their responses, an eiythomatous swellmg 
3 3 5 cm diameter, "with htemorrhage and even necrosis dovelopmg m 6 rabbits 
24 48 hours after the test mjection Two rabbits, however, reraamed com 
pletoly refractory to slun testmg e\en after seven mjections and these were 
excluded from the experiment A transient rise m temperature up to 103 6® F 
was observed m aU animals between the sixth and mnth days after the first 
mjection A well marked cutaneous flush was noted in the ears of two rabbits 
on the fifth and sixth days , this faded after 72 hours 

The final “ shockmg ” arterial mjections were made 8 10 day’s after the 
last mtravenous dose of horse serum A slvm test performed 48 hours before 
this operation proved to be strongly positne m all of the animals Under 
Nembutal and ether anajsthesia and with strict asepsis the femoral arteries were 
exposed and separated from the accompany mg structures and 0 1 ml horse 
serum was injected mto the adventitia of well separated, small segments of the 
vessels A common carotid artery was sunilarly infiltrated m each rabbit 
The animals were killed at varymg tune interv als ov er a period of 3 46 days 
Tliree control male rabbits from the same stock and of similar weight to the 
experimental animals were given 10 ml per kg normal sahne mtravenously, 
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the dose being repeated after 19 days. Ten days after the second injection a 
common carotid and both femoral arteries in each animal were infiltrated 
with normal horse serum as in the case of the experimental animals. The 
controls were kept under similar conditions to the latter and were lulled at 
various time intervals. 

Injected segments of arteries from all animals were dissected out carefully 
with the surroimding muscle, fixed in 10 per cent, formol saline, cut at six 
different levels by the paraffin technique and stained with Ehrlich’s acid 
htematoxylin and eosin, van Gieson and Weigert’s elastic stain. In addition, 
random pieces of heart, lung, kidney, liver, spleen, ascending aorta, and in 
some cases mesenteric artery were sectioned as a routine procedure. 


RESUIiTS 

1. Acute reactions. Arterial lesions varied greatly from animal 
to animal and vnth the time interval elapsing after the “ shocking 
injection. 

A. A mild response, encountered in some vessels 5-7 days after 
local infiltration, merely consisted of slight oedema and lymphocytic 
and large mononuclear cell infiltration in the perivascular tissue and 
the adventitial coat. The endothelium of the vasa vasorum was 
invariably swollen and prominent and the vasal walls appeared 
cedematous and infiltrated with mononuclear cells. No alteration could 
be detected within the media and intima of the main vessel. 

B. In the next grade of reaction both the adventitia and media 
were cedematous and infiltrated with lymphocytes while pyknotic 
change in the nuclei of some of the muscle cells of the vessel wall 
denoted damage to these elements. 

C. The first evidence of really serious disturbance consisted of 
a well-marked inflammatory reaction in the perivascular tissue 
and the adventitia, the exudate contahoing numerous histiocytes, 
lymphocytes, large plasma cells, and eosinophils. In one instance 
a multinucleated giant-cell was discovered. The vasa vasorum were 
also involved in this response. The media and intima seemed 
cedematous and more cellular than usual, the endothelial hning cells 
were frequently swollen and desquamating but the internal elastic 
membrane appeared to be intact. 

D. A truly severe type of damage was found in most rabbits, as 
shown by marked oedema and massive cell infiltration of the media 
and adventitia, damage and necrosis of fibrous tissue and muscle and 
thinning, straightening and fraying of elastic fibres. Polymorpho¬ 
nuclear leucocytes and eosinophils, too, were numerous in these coats. 
The intima was full of inflammatory cells, subendothelial oedema was 
strildng and endothelium had proliferated to form minute papillary 
processes and ingro^vths. The internal elastic lamina remained intact 
though sometimes it seemed less wavy. Collagenous fibres were often 
well separated by oedema, swollen and hyalinised, especially in the 
intima. Apparently the medial lesions could commence in part 
of the muscular layer for in some segments it involved the inner third 
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Fio, 1.—Femornl nrtcry of sensitised rabbit 5 days nfter injection of senrni into 
nd%entitia. Pcm oscular cellular exudation, slight endotholial proliferation ■vritli 
pnlisoduig of nuclei and siibondotlielinl codoma. A few pyknot ic nuclei m tlio 
media. Hremato\>lm and eosin. xl70. 



Fio. 2.—Common carotid arterj- of sensitised rabbit 0 days after injection of serum 
mto adventitia. Extensive necrosis and oedema of media, bands of fibrinoid in 
adventitia and media, proliferating endothelium and thrombosis. All coats show 
a heavy cellular exudation. H. and D. X 80. 
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of that coat onlj% while in others tho outer third alone was necrotic 
and inflamed. 

Ever}* now and then endothelial proliferation produced irregular 
thickening of tho intima and masses of Ihcso cells together with various 
inflammatory colls could be traced into recently formed tliromhi 
occluding the lumen. Occasionally bucIi colls were aggregated to 
form follicles not unlike those described by Buerger (190S ; 1914-15) 
in cases of thromboangiitis obliterans. In sucli instances fibrinoid 
M'as particularly well developed and much destruction of elastic fibres 
had occurred in tho media. 

E. In one animal the arferial wall response was Iifgldy rominfsceiit 
of an Art bus reaction in tho skin. Fibrinoid degeneration was now 
well developed, eosinophilic leu cockles were numerous and muscle 
destruction led to disorganisation of tho wall. 

2. Chronic reactions. Animals allowed to survive for 45 days 
showed chronic or healing arteritis at tho sites of sensitisation. 
Localised medial damage underwent repair by tho proliferation of 
fibrous tissue cells. Tlio intima became incgularly thickened with 
cellular comicctivc tissue and new elastic fibres contributed greatly 
to localised intimal thickcm'ng. Often tho internal elastic lamina 
appeared to bo disrupted and fragmented, leaving strips of membrane 
with wavy contours. cellular activity could be associated with 
this change. Tho adventitia was also tliickcned in places because of 
fibrosis. In this way quite pronounced localised arteriosclerosis could 
he induced which led to diminution in size of tho lumen and was 
associated, from time to time, with organising thrombosis. 

3. Control reactions. In the control animals no significant changes 
were found either in tho intima or in tho media, but a slight or moderate 
degree of leucocytic infiltration was constant in the adventitia and 
perivascular tissues during tho first few days after injection of horse 
scrum. Later, mononuclear cells and fibroblasts appeared and gave 
place to slight fibrosis witliin 15 days. This reaction was obviously 
identical with tho first typo of response met with in sensitised animals. 

Sections from heart, lung, kidney, liver, spleen, ascending aorta 
and mesenteric arter^^ gave no evidence of arteritis despite the fact 
that the animals were sensitised under conditions which have led to 
arterial lesions in such sites (Rich and Gregory, 1943; IMore and 
McLean, 1949). 


Discussion 

These experiments show that arteries can bo sensitised to a foreign 
protein and that a series of acute reactions can be so induced which 
pass on to tliickening of tho affected arterial segment from fibrosis 
and elastosis. Such changes resemble very closely those which have 
been established in conditions of hypersensitivity in man and by less 
certain experimental methods in animals. 

A critical survey of the already vast literature on hypersensitivity 
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(see, for instance, the valuable reviews by IClinge, 1929-30, 1930; 
ROssle, 1932, 1933; Apitz, 1933; Pagel, 1939; Rich, 1942; Teilum, 
1945-46 and Bergstrand, 1946, 1950), leads to the rather astonishing 
conclusion that acceptable observations on blood-vessel changes in 
sensitised human beings are far from common. The most satisfactory 
of these are worthy of consideration. Clark and Kaplan (1937) recorded 
interesting arterial lesions in two patients dying from serum sickness 
shortly after the injection of horse serum. These included fibrinoid 
swelling of the wall, sometimes frank necrosis, infiltration of some 
or all of the coats with monomtclear cells and eosinophilic leucocytes, 
proliferation of the lining endothelium and the development of peri¬ 
vascular granulomata. The association of periarteritis nodosa with 
hj^ersensitivity has often been claimed. Gruber (1925) may have 
been the first pathologist to suggest this relationship; at any rate 
many others have followed suit, being influenced especially by the 
frequency of eosinophilic infiltration in the vascular lesions, a finding 
wliich is generally thought to be essential to hypersensitivity reactions. 
A number of workers, too, have reported cases of periarteritis nodosa 
associated vdth bronchial asthma. KaUds and Kallos-Deffner (1937) 
recorded 29 cases of asthma in which death took place during an attack. 
Histological studies showed definite periarteritis nodosa in one and 
lesions suggestive of periarteritis in another. Backemann and Greene 
(1939) reported 8 cases in which asthma and periarteritis nodosa were 
coincidental. Among 229 instances of periarteritis collected from the 
literature were 19 in which the patient had suffered from asthma. 
Even more direct evidence is available. Eason and Caipenter (1937), 
for instance, described periarteritis in a case associated with serum 
sickness. The careful studies of Rich have aroused much interest 
in the correlation. Rich recorded 8 cases of hypersensitmty, shown 
by serum rashes, after the therapeutic injection of foreign senmi, 
with or without srdphonamides. Recent periarteritis was foun 
in all. The evidence for a close association was especially good m 
one instance, where tissue was examined before and after t e 
development of hypersensitivity'". Arterial lesions included fibrinoi 
necrosis of the media and perivascular infiltration with potymorp s 
and monocytes. Eosinophils were present in most cases. Eibroblas s 
were numerous in the affected arteries of a patient who lived or 
3 weeks after the appearance of urticaria. Rich showed ^oat pen 
arteritis could develop as soon as o days after the onset of yper- 
sensitive reactions. . ., 

There is no need to recapitulate the story about sulphonanudes 
as sensitising agents for man since the investigations of LederCT an 
Rosenblatt (1942), Merkel and Crawford (1942), Rich ( 1942 ), Biack- 
Schaffer (1945), French (1946), Lichtenstein and Fox (1946), and 
More et al. (1946) have established their potency in producing ar eria 
lesions remarkably like those now well known in idiopat ic pen 
arteritis nodosa. 
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Fig. 3 —lIigli.po\^er view of port of fig. r. Prolife raf ng f mi 
misturo of polymqrjilis nnd fonn ft fo!hcui ’■ 

K. xl*30. 



Fio 4'—Femoral artery of Jvcn‘?iti-^» tl nibl)it 7 ilftis after injection of scrum into 
adventitia. Tvio irrcgulftr imtclies of fibrinoid aro seen ftmong degenerating cells 
in tho mceiia and nelvcntitia Perivascular evudntion and intminl proliferation 
H and,!!. xl70. 



Fra. 5 ^Femoral artery of sensitised rabbit 45 days after injection of serum into 
adventitm. Plastosis of mtuna. Weigert’s elastica and neutral red. X 05. 
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AN ASCARIS LARVA IN THE BRAIN IN ASSOCIATION 
^VITH ACUTE ANTERIOR POLIO]MYELITIS 

W. BEAtJTYJkiAN and A. L. WooLr * 

From the Westminster Childrc?i*s Hospital^ Vincent Square, and the 
National Hospital for Nervous Diseases, Queen Square, London 

(Plates C\TI-CXI) 

Since 1831, when Lepolletior reported fatal convulsions in two children 
'witli alimentary ascariasis, there have been numerous reports in the 
contmental hterature of round-worm infestation accompanied by 
varied and severe neurological symptoms. The relationship of the 
symptoms to the ascariasis, however, remains obscure. The severity 
of cerebral ascariasis can bo inferred from Pemando and Balasingham’s 
recent (1943) report of fourteen cases suggesting encephalitis and one 
suggesting meningitis, in a series of 162 cases of acute ascariasis. 
Eight of these patients certainl}^ died and three others were believed 
to have died at home. 

Tlie climeal appearances of cerebral ascariasis are those of 
generalised or Jacksonian convulsions (Duprey, 1903 ; Sirom, 1921) 
or those suggestive of an acute inflammation of the brain or meninges 
(Taillens, 1906; Hughes, 1920; Turcan, 1922; Lafibrgue, 1923; 
Abel and Brenas, 1926; Renaiid, 1929, Schachter, 1934; HautefeuiUe, 
1936 ; Peney, 1940). Changes m the cerebro-spinal fluid suggestive 
of these more familiar neurological diseases have been encountered 
several times. 

The unique features of the case reported here are that an en¬ 
capsulated larva was found in the bram and that the neurological 
83 nnptoms were largely due to a second disease agent, the virus of 
pohomyehtis. 

Cltnioal history 

The patient, a girl aged 6, was admitted to the W^tminster Children’s 
Hospital, xmder the care of Dr N* O. Richards on 29th December 1949. She 
had been vacemated when aged a few weeks and immunised agamst diphtheria 
at the ago of 12 months. She had measles in March 1948 and a tonsillectomy 
m March 1949. She had had a dry cough in the wmter smee the first year of 
life. The patient did not mix much with other children, but was always playmg 
with cats and dogs and was m the habit of euckmg her thumb. She was an 
excitable child, often feverish before parties and had talked m her sleep ever smee 
she went to school. For the last six months she had groimd her teeth at mght. 

* In receipt of a grant from the Institute of Neurology 
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Neither the patient nor any member of the family had ever been known to 
:suffer from worms. On 24th December 1949 she complained of a sore throat. 
•On the following day she was hushed, listless, constipated and vomited several 
times. On 26th December she complained of pain in the back of her neck and 
'Continued to vomit. By the evening of 28th December she was delirious, 
“ rolling her eyes and baring her teeth like an animal On admission she was 
.a febrile (temperature 102° F., pulse 140 per min.), flushed, drowsy, well- 
nourished child showing frequent convulsive movements of the arms and legs 
and occasionally crying out. She had a vacant stare but could be made to 
answer questions. There was pallor of the mucous membranes; the mouth 
was dry, the tongue coated, the tliroat inflamed and the pharynx contained a 
large quantity of green mucus, some of which was vomited from time to time. 
The left ear drum was normal, the right was dull and pink in its upper part. 
There was a slight nasal discharge and some crusting around the nostrils. The 
respiratory and cardio-vascular systems were normal. Nothing abnormal was 
found on abdominal examination. The pupils reacted brisldy to light and 
there was no nystagmus. The fimdi were normal. There was neck stiffness 
^nd slight head retraction, Kemig’s sign was positive. The tendon reflexes 
were present but diminished in the arms and brisk in the legs. The abdominal 
reflexes were present but the plantar responses were extensor. There was no 
loss of power in the limbs. 

Lumbar puncture yielded a slightly turbid* fluid which was not under 
increased pressure. Examination of the fluid showed neutrophil polymoiphs 
85 per c.mm.; lymphocytes 73 per c.mm,; R.B.C. 485 per c.mm.; protein 
32 mg./lOO ml.; Tandy test negative ; Nonne Apelt test negative; chlorides 
730 mg./100 ml.; sugar 60-90 mg./100 ml.; no organisms seen in Gram 
rfilm; no acid- and alcohol-fast bacilli seen in Z.N. films; culture yielded no 
growth. 

Tlie patient was given 10,000 units of penicillin intrathecally, intramuscular 
penicillin and oral sulphamezathine. The convulsive movements continued. 
She was incontinent and during the night suddenly collapsed and died. Stools 
from the parents and a surviving sister were examined for ova by direct smear 
nnd concentration methods, but none was found. 


POST-MOBTEM EXAMINATION 

The body was that of a well-nourished female child. The pupils 
w'ere central, circular and equal. There was no cyanosis. There were 
a few petechise around the neck. Several lymph nodes were palpable 
u-long the anterior border of the right sterno-mastoid. No other nodes 
were palpable. 

Adenoid tissue around the naso-pharynx was prominent. The 
naso-pharynx contained a little frothy mucus. The trachea and 
main bronchi were slightly inflamed and contained some inhaled 
gastric contents. The lungs were normal. 

The blood vessels over the surface of the brain and cord were 
somewhat congested; the meninges were otherwise normal. The 
out surface of the brain showed no abnormality to the naked eye, 
except in the medulla where there were a number of small haemorrhages 
in the floor of the fourth ventricle. 

The stomach contained the sulphamezathine given before death. 
There were no other abnormalities and no worms were found in the 
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gwt. Apart from slight dilatation of both Tontriclos, tho heart was 
•normal. Tho ^lalpighian bodies of tho spleen were prominent and 
there wore a few moderately enlarged fleshy lymph nodes at tho 
bifurcation of tho trachea and in the mesentery. Tho nrogonital 
system, liver, gall-bladder, pancreas, and adrenals wore normal. 

Histology 

Tlio liver, kidneys, heart and lungs wore normal. After tho larva 
w’as found in tho brain tlio small pieces of liver, Icidney and lung 
which had been preserved woro serially sectioned, but no evidence 
of lan'al passage was found, 

Bloclm were taken from tho 1st lumbar, 8th thoracic and 4th 
^cervical segments of tho spinal cord, from the pons, from the mid- 
brain, left tlmlamus and hippocampus at tho lovol of tho optic tract, 
from tho loft ‘occipital lobe, from the loft pro- and post-central g 3 rri 
and from tho corobellum. Frozen sections from each of those blocks 
•u'cro stained with Scliarlach R and tho remainder of tho tissue 
•embedded in celloidin. Celloidin sections from each block were stained 
with tliionin, Mallory’s phosphotungstic acid-htematoxyiin, van Gieson, 
and Loyez* stain for myelin. Sections wore also impregnated by tho 
Gros-Bielschowsky method for axis cylinders. Thirty sections in 
series through tho thalamus and passing from one side to tho other 
of tho granuloma reported below, w’cro stained severally by Loishman, 
VerhoefF’s method for elastic tissue and Hoidenhain’s azan stain, as 
well as by the above methods. One section was impregnated by 
Gordon and Sweet’s technique for roticulin. In a search for larvm, 
twenty-two sections through tho 4th cervical segment of the spinal 
•cord stained with thionin or Loishman, were examined. 

There appear to bo three quite distinct types of lesion in the nervous 
system. Tliese comprise :— 

(1) A granuloma situated in the nucleus ventralis lateralis of 

the left thalamus and containing in its centre an ascaris 

lar\m. 

(2) Beri-arteriolar hiemorrhages and other “ non-infiammatory 

vascular changes. 

(3) A polio-encephalomyelitis mostly remote from lesions (1) 

and (2). 

(1) The granuloma in the n7tdeiis ventralis lateralis of the 
left thalamus 

A granuloma (6g. 1} is present in tliis nucleus, immediately ventral 
to and nestling in the concavity formed by the fibres of the anterior 
thalamic projection and the internal medullary lamina. Tho granuloma 
measures 0'4x0*o mm. in the coronal plane and the antero-posfcerior 
•diameter is estimated from sections as 0*36 mm. It is surrounded 

a. TATH. BAOT.—TOl. ISm 2 S 
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by a zone of pallor (fig. 2) in Loyez' preparations. Centrally there is 
a dense shell made up of thick collagenous fibres among which are a 
few irregularly-shaped hypercliromatic fibroblast nuclei. This shell 
is surrounded by a delicate tracery of coUagenous fibres in the inter¬ 
stices of which are fibroblasts, plasma cells and lymphocytes. 
Impregnation of the reticulin fails to reveal any reticulin fibres beyond 
the collagenous mesh. Outside this loose collagenous layer are densely 
packed lymphocytes and plasma cells, surrounded in turn by less 
frequent plasma cells and proliferating microgha and astrocytes, the 
latter forming only a few fresh fibres. There is also new formation of 
capillaries. In azan preparations the extreme periphery of the 
granuloma is evident macroscopically by reason of its more intense 
staining with the-anilin blue. The myelin sheaths in the vicinity 
of the granuloma appear to have been pushed aside, so producing the 
clear halo seen in the Loyez’ preparation. A few sheaths show slight 
beading ; their axis cylinders appear normal. The concentric zones 
maldng up the outer part of the granuloma are not quite symmetrical, 
the cellular zone being wider posteriorly. The dense coUagenous 
shell encloses a dumb-beU-shaped cavity (fig. 3) containing in one 
chamber a giant cell with four nuclei of moderate chromatin content. 
The other chamber contains the larva. Medial to the parasite is an 
elongated giant ceU (fig. 6, arrow) measuring more than 120 ii in 
length but only 12 /x- in breadth. On the ventral border of the 
coUagenous sheU is a third, triangular giant ceU (fig. 4) measuring 
105x95x55/X and containing large numbers of irregularly shaped 
h 3 q)erchromatic nuclei arranged in a central cluster as weU as forming 
a peripheral border to the ceU, It is probable that the last two giant 
cells are continuous with one another so as to surround the larva 
for a quarter of a circle, though separated from it to a large extent 
by the ingrowth of the coUagenous sheU which produces the isthmus 
of the dumb-beU. 

Description of the parasite by Professor J. J. C. Buckley, D.Sc. 
of the London School of Hygiene and Tropical Medicine. 

“ The parasite in the brain section (figs. 5 and 6) is a larval nematode 
which is complete except for a smaU portion of the posterior extremity 
which has been removed in sectioning. Measured in one plane it is 
295 /X long hut owing to curvature in the third dimension this is an 
underestimate and it may he taken to be about 310 /x. The missing 
tail portion would make the total length about 330-350 /x long. Its 
breadth is 15 to 20 fx. The muscular oesophagus is 95 /x long by 
7 fx in breadth, expanding to a posterior swelling of 10 ^ in breadth. 
This type of oesophagus and the smaU dimensions exclude the possibility 
of the larva being that of Trichinella spiralis and aU the evidence points 
to its being a migrating larva of Ascaris lumbricoides, but the possibility 
that it might be the larva of an ascarid from a dog or cat cannot be 
entirely excluded. According to the dimensions given by Ransom 
and Cram (1920-21) of ascaris larvse recovered from various organs in 
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experimental animals at varjnng intervals after infection, the age 
of the larva in tlio brain may bo an;y’fhing from 3 to 7 days old. In 
this abnormal habitat it is possible, however, that development may 
havo been arrested and that the dimensions are not a true indication 
of the ago/’ 

(2) The ** non-inflammatory ” imcuJar changes 
Tiiese are present most strikingly in the white matter of the gyms 
ocoipito-temporalis lateralis, but also in the putamen, the grey matter 
of the uncus, the gyrus dentatus, the internal meduUary lamina of the 



Fio. C.—Drawing of larva provided by Professor J. J. 0. Buckley, D.Sc. 
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thalamus, the nuclei ventralis lateralis and antero-ventralis and the 
anterior thalamic projection, the tail of the caudate nucleus, the 
cortex of the pre- and post-central gjTi and that on either side of the 
calcarine fissure, the cortex of the cerebellum, the pons, notably 
in the region of the descending root of the trigeminal nerve, and in 
the floor of the fourth ventricle and the cervical region of the spinal 
cord. However, the last two sites are so heavily infiltrated with 
inflammatory cells that it is not possible to exclude the polio-encephalo¬ 
myelitis as the cause of the vascular lesions in these particular areas. 

The lesions mainly affect small arteries and arterioles and consist 
of intravascular clotting, extravasation of all or some of the constituents 
of the blood and secondary changes in the surrounding tissues. The 
thrombi are fresh and frequently occupy only the parietal part of the 
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vessel lumen. Delicate fibrin threads frequently extend across the 
Virchow-Robin space into the brain parenchyma. More extensive fibrin- 
exudate surrounds a thrombosed pial vessel in the cerebellum (fig, 7). 
Larger vessels often display an exudate of homogeneous material 
into a greatly distended extra-adventitial (His’) space (fig. 8). This 
material stains pale pink with phosphotungstic acid-haematoxylin, 
orange with van Gieson’s stain, green with Masson’s stain and blue 
with Heidenhain’s azan stain. It is often present in globular form 
(fig. 9) when it must be distinguished from the globules derived from 
the occasional degenerated myelin sheath, which, however, stain 
darkly in the Loyez’ method (fig. 10, arrow), Gros-Bielschowsky 
preparations show no change in the axis cylinders near the vessels. 
Several vessels show striking perivascular haemorrhages almost entireljr 
confined to the perivascular space and following the course of the 
vessel for a considerable distance (fig. 11). Such vessels are frequently 
the site of intravascular clotting and clotting is often seen also in tho 
extravasated blood (fig. 12). The surrounding myelin sheaths frequently 
show vacuolation with an occasional karyorrhectic ghal nucleus. In- 
other vessels surrounded by extravasated blood the adventitial histio¬ 
cytes which are present in excess are pyknotic. Occasionally the 
formation of astrocytic fibres is increased near a vessel with a distended 
perivascular space but this is nowhere conspicuous. 


( 3 ) Nonsuppurative poUosncepJialomyeliiis 

These inflammatory changes extend the whole length of the spinal 
cord, affect the dorsal part of the pons, the substantia nigra, the corpora 
mamillaria and, in a few sections only, the cerebral cortex in the 
depths of the fissure of Rolando. The changes are most marked in 
the cervical segments of the spinal cord. Here the lesions are almost 
confined to the grey matter which is severely affected. While about 
one-third of the anterior horn cells appear healthy, many show 
eosinophilic degeneration (fig. 13), chromatolysis (fig, 14) or c^olysis. 
Comparatively few cells show any but the end stages of neuronophagia 
although a few show early invasion by microgha, some of which lie 
in digestion chambers. The end stages, by contrast, are prominent 
and represented by numerous nodules of microglia some of which 
are visible with the naked eye. The posterior horns are more diffusely 
infiltrated with microglia and a few plasma cells. The bases of the 
posterior horns show perivascular hsemorrhages and, in one section, 
a triangular area 0*3 X 0*15 mm. of homogeneous material has-resulted 
from the transudation of plasma into necrotic tissue. The white 
matter of the cord is cedematous. Almost all vessels show conspicuous 
lymphocytic cuffing. The anterior median fissure contains a moderately 
severe meningeal exudate consisting mamly of lymphocytes but^ also 
including many hydropic plasma cells and liistiocytes, and an occasional 
eosinophil cell. 
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Fio 7 —Cerebellum showing? thrombosed pinl \cs.sel nnd e\itdiite of fibrui 
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Fig 8 —Section through hypothalamus shouing iiG 9 —Same section as fig s showing 
arteriole with Virchow Robin space filled with globular bodies in Hi-s space Heiden 

lymphocytes His space is occupied by a pale ham s 4znn stain x 500 

staining \acuoIated material A few nstrocjtic 
fibres can be seen in the surround mg tissue 
Pliosphotungstic acid ha;mato\ylm X 300 
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haBmorrhages only occur after the intravenous injection of living 
strongyloides larvae. Yokogawa (1923) saw as many as ten larv^ 
in the cerebral ventricles in one section and suggests that the larvae 
may reach the venous circulation by active movement through the 
brain and into the veins of the choroid plexus. 

The effects of the larvae on the brain are limited by the paucity of 
reaction on the part of nervous as opposed to other tissues (Hopph^ 
1923, 1927; Yokogawa, 1923). Greenfield and Pritchard (1937), 
however, in a report on two cases of cerebral schistosomiasis, state 
that the necrotic tissue containing the eggs was surrounded by fibro¬ 
blastic and endothelial cells, which separated it from a wall of 
collagenous fibres and inflammatory cells. A few multinucleated giant 
cells were seen in the fibroblastic layer and occasionally partially 
enveloped an ovum. Perivascular haemorrhages are the most constant 
evidence of migrating larvae (Yokogawa) and are characteristically 
confined to the perivascular (His’) space. Where larv^ are halted 
in the brain substance, very little reaction occurs. Hoppli (1923) 
saw no reaction around belascaris larvae in the brains of guinea-pigs 
six weeks after the latter had been fed with ripe eggs but Yokogawa 
and Yamaguchi (1926) saw foci of softening with infiltration by a 
few eosinophils. Yamaguchi was unable to relate these foci to larvae 
lying free in the brain tissue. 

Prom the extensive experimental studies of Piilleborn (1927) and 
H5ppli (1923, 1927) much is known of the more striking reactions 
of other tissues to the presence of larvae. Small cellular infiltrations 
are present in the liver a few hours after feeding a guinea-pig with 
ascaris larvae (Hoppli, 1927) and irregular circular and band-fike 
infiltrations of polymorphs and eosinophils with preservation of the 
reticulin net were observed by Hoppli (1923) five days after infection. 
He similarly noted small necroses in the liver with infiltration by 
leucocytes and epithelioid cells eight days after feeding a guinea-pig 
wdth belascaris larvae. At three weeks the liver was studded with 
connective tissue nodules resembling foreign-body tubercles and 
showing epithelioid cells, polymorphonuclear leucocytes and mono¬ 
nuclear cells with the larvae in the centre of the nodule in a loose 
network of collagen fibres. Similar but thicker fibres formed a 
peripheral ring, outside which there was a loose connective tissue 
meshwork infiltrated with polymorphonuclear leucocytes. Hoppli 
later (1927) pointed out that the infiltration may so soften a tissue as 
to permit of wandering of larvae previously impossible. 

From Professor Buckley’s report, it can be seen that the encap¬ 
sulated nematode in the thalamus of our case is a larval ascarid, in 
all probability Ascaris Iv/mbricoides. From its size it would appear 
to be at least five days old; however, FuUebom (1920) states that 
strongyloides larvae can live a long time within foreign-body tubercle¬ 
like structures without increasing in size. Capsule formation is at the 
stage attained in other tissues 'within three weeks. It is imfortunate. 
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liowovcr, that no information is available about the maximum survival 
period of living larvcc in the tissues of experimental animals. 

The exact route by 'which the larvfe reached the thalamus cannot be 
determined, but there can be no reasonable doubt that it was by the 
arterial blood. It had never scorned likely that spontaneous human 
ascaris infection could reproduce the results of massive feeding of 
eggs or intra-carotid injection of larvm into animals (Fulleborn, 1921a), 
although infection of the human non^ous system by another nematode, 
TrichinelJa spiralis^ has been reported (I^otliingham, 190G ; Ha^sin 
and Diamond, 1920; Most and AboJes, 1937), 

The marked encapsulation of the parasite in our patient is at 
variance -witli the findings in the animal experiments, but resembles 
that found by Bunzl around the nematodes in the mole brain and 
in Greenfield and Pritchard’s cases of cerebral schistosomiasis. Yhe 
absence of neutrophil and eosinophil loucocj’tes indicates the chronic 
non-progressive state of the granuloma which is further suggested by 
the dense collagenous core, the absence of young roticulin fibres at 
the periphery and the prominence of plasma cells. The paucity of 
fresh glial fibres in the surrounding tissues testifies to the efiective 
sealing off of toxic products, if such there be. Large multimicleated 
giant cells have been reported before both in association with larvas 
(L6pez-Ne^Ta, 1948) and around ova (Yamauchi, 1923-24). 

Tlie perivascular luemorrhages are present in areas remote from 
the inflammatory lesions and in places favoured in experimental 
animalsi surface of cerehoRuin. They were frequently'conRned 

to the perivascular space (His’) which they often filled for a considerable 
distance, sometimes extending into the adjacent tissues. Clotting 
occurred both in the extravasated blood and "within the vessel so as 
to lino the lumen. This parietal location of fibrin suggests that 
circulation was in progress at the time of clotting. While these 
appearances and possibly the presence of the red blood cells in the 
cerobro-spinal fluid during life, indicate ante-mortem hemorrhage, 
the latter clearly occurred after the arrival of the larva in its 
final location and was presumably due to a later migration of 
parasites. 

The distension of the perivascular space by globular and foamy- 
looking, serous material is possibly related to a derangement of the 
cerebral circulation consequent upon embolic occlusion by larvae. 

The non-suppurativo encephalomyelitis lesions follow closely the 
pattern of acute anterior poliomyelitis. The distribution of the lesions, 
including involvement of the brain stem, substantia nigra and motor 
cortex, is characteristic; the restriction of severe changes to the 
nerve cells, the total destruction of some neurones while adjacemt 
ones remain normal or only mildly affected, the synchronous progression 
of neuronophagia of the fatally afiected cells, the interstitial microglial 
and paravascular nodules and the perivascular and meningeal exudates 
are all highly typical of poliomyelitis and cannot be referred to any 
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otib-Or (iis6&-S6 procGss, Wliilo it) is ‘fcriio 1)11911} in cGrGbr^l trichinosis;* 
microglial nodules may he disseminated throughout the central 
nervous system (Hassin and Diamond), in such cases the brain and 
spinal cord appear to have been invaded by numerous larv^. Taken 
individually many of the changes seen in the nervous system resemble 
those described by Rachmanow (1914) in guinea-pigs receiving 
injections of perienteric fluid of ascaris, but the pattern and distribution 
of the lesions taken as a whole make poliomyelitis a much more 
attractive diagnosis. 

Thus it seems likely that this child suffered a chnically silent or 
at least undetected migration of ascaris larv^ through the cerebral 
vessels which continued until death. Only one or at most a few 
larvae penetrated the brain and the only one seen was rendered 
harmless by efficient encapsulation and gave rise to no local symptoms. 
Superimposed upon this larval migration there was almost certainly 
an infection with a poliomyelitis virus of sufficient severity to cause 
death. 


(b) Relationship of larval migration to genesis of 
poliomyelitis 

Shope (1941a) demonstrated that both the swine-influenza virus 
and the Haemophilus influenzae suis are necessary for the production 
of swine influenza, the virus alone causing much milder respiratory 
infection known as "" filtrate disease Swine may be infested with 
lungworms which carry the virus of swine influenza in a masked form 
(Shope, 19416). Under these conditions there is no disease unless 
some outside stimulus is applied. The natural stimulus appears to 
be a seasonal change in climatic conditions (Shope, 19436) but Shope 
regularly produced swine influenza in these animals by repeated 
intramuscular injections of living cultures of Hamophilus influenzce 
suis, while the injection of killed cultures resulted in filtrate disease ► 
Shope considered this stimulus to be quite non-specific and possibly 
an allergic or sensitisation phenomenon. The only other method 
which was markedly effective was the feeding of swine ascaris eggs 
(Shope, 1943a) ; the resulting migration of ascaris larvae was 
followed by filtrate disease ” in 16 per cent, of cases. Thus there 
is a precedent for facilitation of a virus infection by migration of 
ascaris larvae. 

In recent years there has accumulated an impressive body of 
clinical evidence suggesting that resistance to poliomyelitis infection 
is lowered by certain traumatic and immunising procedures. Such 
evidence has been fully reviewed by Kndlay and Howard (1950) 
who also showed that such a phenomenon can be demonstrated 
experimentally in mice infected intra-cerebrally wdth the Lansing 
poliomyelitis virus. In the present case the migration of ascaris 
larvse may have facilitated poliomyelitis infection by inducing an 
immune reaction, as suggested by Shope in filtrate disease ”, or by 
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Plate CX 


CrurnuAL ascawasis and POLiOMYELms 



Fio. 10. —Globus pallichis shoving Fig. 11. —Hippocampal gyrus showing peri- 

globular fragments (arrow) of myelin vascular “sheath hsemoirhago ” 'iMth mtra- 

sbeaths free in perivascular space. \’nscular parietal clotting. Phosphotungstic 

Lojez’myclm stain, x3Q0. aeid-hsematoxylin. x 275. 



Fio. 12. —Same section ns fig. 11 showing disruption of nerv'ous tissue by haemorrhage 
and clotting of extravnscular blood. Pliosphotimgstic acid-hajmatoxjlm. x 188. 




j i*ATii nvcT~^ol, i\in 


Plate CXI 


CimnriAL ascauiasis and rouoMVLUTis 



Fio 13—Fourth cenitnl Kogmcnt shouiriR n normni looking ontorior horn cell in 
proximity to a 6(*\crtU shrunken cell ^\hoso contents hn\e undergono eosinophilic 
changes Between these two colls is n microglial nodule Leishman xti2o 
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a non-specific traumatic effect, os described by Findlay and Howard, 
mechanical damage being inflicted upon the respiratory and alimentary’- 
systems by the migration. Additional evidence for the operation 
of a traumatic effect in our case is the heavy incidence of the in¬ 
flammation upon the brain stem and cervical cord. 

Although the vbrus of lymphocytic choriomeningitis may be 
carried into the central nervous system by TricMnella spiralis (Syrverton 
ci at., 1947), a similar mechanism appears loss likely in our case as there 
are no poliomyelitis lesions near the encapsulated larva or in the 
regions through which the larva) appear to have passed. 

The idea that ascariasis may predispose to poliomyelitis is not 
now, having been suggested by Martini (1937) who had noted that 
cliildrcn udth infantUo paralysis seemed to harbour round worms 
more frequently than did other children. 


(c) Cause, of neurological symptoms in ascariasis 

As stated in the introduction, neurological symiptoms in ascariasis 
are protean and more than one mode of production may be envisaged. 
While, as seems lilcoly in our case, some neurological illnesses in patients 
with ascariasis are independent diseases, the dramatic recovery which 
sometimes follows the expulsion of the adult worms is not explained. 
The idea that irritation of the intestines by adult ascarids can have 
a reflex effect upon the central nervous system fICuchonmoister and 
Ziim, 1881 ; Schachtor, 1934) does not explain the changes in the 
cerebrospinal fluid. Numerous experiments reviewed by Girges (1934) 
demonstrating the toxicity of extracts from round worms, injected 
parenterally, have been performed, notably by Brinda (1914), hut 
there is no convincing clinical or experimental evidence that adult 
worms exert a toxic effect in areas remote from the alimentary tract 
of the host. Attempts to demonstrate toxins in the cerohrosphial 
fluid of patients with ** verminous meningitis ” have not been successful 
oven when the fluid showed an increased protein content and pleocytosis 
(Abel and Bronas, 1925 ; Dutrey and VeUuz, 1939). On the other 
hand sensitisation, as exemplified by a reaction to intra-dermal 
injection of ascaris extracts, is not infrequent in patients with chronic 
ascariasis who may have urticaria and eczema, which sometimes 
disappear after evacuation of worms from the intestine. 

The effects of migration of larvm through the vessels of the central 
nervous system do not appear to have been seriously considered, 
partly because larvae have not previously been seen in the human 
brain and partly because larval development only follows the ingestion 
of ripe ova and would hardly be affected by the expulsion of adult 
worms, an event so often followed by rapid recovery. It is possible, 
however, that larval migration is responsible for occasional cases of 
focal or generalised epilepsy. 
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SUMMAKY 

1. An encapsulated ascarid larva was found in the thalamus of a 
child who died with clinical and morbid anatomical evidence of 
poliomyelitis. 

2. There was histological evidence of migration of larvse through 
the cerebral vessels. 

3. The poliomyelitis principally affected the cervical segments of 
the spinal cord and the nuclei of the brain stem. 

4. The manifestations of larval migration of ascaris through the 
brains of animals, the possible relationship between the larval migration 
a;nd the development of poliomyelitis and the cause of neurological 
symptoms in ascariasis are discussed. 

Our thanks are due to Dr J. G* Greenfield for his help and advice in preparing 
the paper and to Dr N. O. Bichards for her kindness in allowing ns to use the 
clinical notes. 
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6 i 6 — 008 . 9—095 . I : 616 . 56 — 002 . 4—092 . 9 (Rattus) 

INTERACTIONS BETWEEN ENACLRONIMENT AND 
DIET IN THE PRODUCTION OE ACUTE LIVER 
NECROSIS IN THE RAT 

J. Naftaltn 
Howctt liesenrcJt Jnstituiet Aberdeen 

(Pl.vte CXII) 

Two papers on the ofiect of environment on liver necrosis form a 
background to this work. In the first Naftalin and Hondo (1949) 
describe nutmeg liver with centrilobular necrosis proceeding to central 
and periportal cirrhosis in suelding and weanling pigs reared in a 
cold and damp environment. Tliis lesion differs from the dietetic 
necrosis described bj^ Gyiirgy and Goldblatt (1030) and Glynn and 
Himsworth (1944) and from that described by Gillman et aL (1945) 
in young rats given maize meal porridge and sour milk. Naftalin and 
Howie suggest that a vascular disturbance arising either wthin the 
bVer itself or in the general venous system might bo the cause of the 
pig lesion. The second paper is that of Kao (1948). Working in. 
Bombay and using the methods of Himsworth and Glynn (1944-45), 
ho failed to produce acute dietetic necrosis and suggested that England’s 
colder climate, particularly in winter, might bo a determining factor. 

Tlio manner of feeding tho nnimnls also warrants investigation. Weicli^cl- 
baum <1935) studied the effect of Sherman and Morrill’s (1925) cystino-deficiont 
diet on 8 * 10 -week-old rats woighmg 50-65 g. In these experiments, except 
during tho first few days when food was supplied in excess, Weiclisolbaum 
gave 8 g. to each rat per day, this being (p. 364) “ near tho mnximxim of any ono 
rat” and “regularly consumed except by one animal”. Weichselbaum con¬ 
sidered that tho food intake of his rats, which were caged separately, was 
restricted. He abandoned his experiments because of the high mortality 
associated with “ hremorrhages ” in tho liver after the sixth week. Tho ration 
given by Himsworth and Glynn, irrespective of tho composition of their different 
diets, was also 8 g. per day per rat of 120-160 g. It will be seen from their 
tables I, H and IV (pp. 102, 104 and 108) that the average food intake per rat 
per day was between 4-23 g. and 8 g., depending on the composition of the diet. 
In only 2 diets of tho 23 tested were tho 8 g. eaten entirely. Himsworth and 
Glynn caged their rats in groups of 10, a method of management which makes 
it impossible to find out the exact amount of food eaten by on individual 
animal. Nevertheless Himsworth and Glynn stressed tho importance of tho 
exact amount of casoin consumed, stating that necrosis developed only when 
a rat ate between 500 and 200 mg. of casein per day. They suggested (p. 103) 
that “smaller rats were jostled away from the feeding bowl by the bigger 
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animals and consequently may have obtained less food ” and thus might not 
always have been allowed to constune the protective amount of casein, 
more than 500 mg. a day. Such uncertainties about diet restriction induced 
mo to investigate the effect on the incidence of liver necrosis of giving different 
amounts of the same diet and so providing a range of protein intake wider than 
the limits which Himsworth and Glynn considered necessary to produce the 
disease. 


PhAJSr OF EXPERIMENTS 

In planning the present experiments attention was paid to the 
diet in the pre-experimental stage. Schwarz (1944) and Gyorgy 
(1947) independently recognised the part played by vitamin E in 
diets designed to produce liver necrosis. GyOrgy and Goldblatt 

Tabie I 

Management of experimental animals, including procedure for rearing 
rats before experimental low-casein diets were given 



Experiment 1 

Experiment 2 (Xov. 

Experiment 3 


(^>Iarch-May 1949) 

1949-Fcby. 1950) 

(Feby.-May 1950) 

Mothers’ diet . 

Rowetfc Institute 

Rowett Institute 

Rowett Institute 


stock rat cubes 

stock rat cubes 

stock rat cubes 


-fmilk-f green 

-hmilk till 18 

4-milk till 18 


food till 16 days 

days post-partum 

days post-partum 


post-partum 


2nd from mothers 

hitter .... 

1st 

1st 



used in expt. 2 

Preliminary high-protein 

No. 51 

No. 82 

No. 51 

diet 

(16 per cent. 

(19 per cent. 



casein 

casein 



3 per cent, yeast) 

3 per cent, yeast) 

18 

Age of young (days) when 

16 

18 

preliminary high-protein 
diet was first offered 



24 

Age of young (days) at 

24 

24 

weaning 

* Weaning weight (g.) 

32-7 

36*2 

42-0 

Low-protein diet 

I No. 47 

No. 47 

Iso. 47 


1 (8 per cent, casein 

1 3 per cent, yeast) 

34 

38 

Age of young (days) when 

36-40 

low-protein diet was first 

1 



given 

Duration of experiment {i.e. 

' 53 

69-71 

70 

no. of days from giving 
low-protein diet to killing 




survdvors) 





In experiment 1. Control rats were given stock diet at 33-37 days of age. 

In experiment 2. Control rats were given stock diet at 24 days of age (weaning). 
In experiment 3. Control rats given stock diet were not included. 


* Standard deviation of weaninB weights ~ il2 g. based on 158 degrees of Creedom. 


(1949) suggested that the inclusion of unsaturated fat was an additional 
predisposing factor. Himsworth and Lindan (1949, p. 30), discussing 
the failure of some workers to produce the disease, stated that t e 
lesion could be produced only when the diet was deficient both in 
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cystmo and vitamin E, and that the explanation of the latent penod, 
t e the period botv eon first giving the deficient diet and the onset 
of the disease, might ho that the animal body “ held tenaciously to its 
tocopherol stores To ensure that the animals v ould have low 
reser\es of vitamm E, vcanhng rats voro reared and used in three 
experiments as shoivn in table I In order to study the effects of the 
amomit of protein eaten, uncomplicated by individual differences in 
carbohydrate digestibihty, a quickly absorbable carbohj drate, sucrose^ 
was chosen instead of maize starch, as used by Hi ms worth and Gl^mn 
Three experiments were performed, the first in March May 1949,. 
the second in No\ ember 1949 February 1950 and the third in February ^ 
May 1950 Males only wore used because "VVeichsolbaum reported 
a much higher incidence of “ hremorrhages ” in this sex The rats 
were albinos of the Wistar GIa\o strain bred from a stock supphed 
by the Agricultural Research Councirs Field Station, Compton,. 
Newbury, Berlcshire 

Table II 

Details of experimental environments 


Fn 

■vlron 

ment 

no 

Fxi eriraent 1 
(Starch May 1040) 

Experiment 2 
(Nov 14)19 icb> lOaO) 

Experiment S 
(Febj May 19d0> 

1 

Old nmmal house (bncK 

New animal house (msul 

Now animal house (msul 


bmidmg) 

ated budding thermo 
statically controlled) 

ated buddmg, thermo 
staticallj controlled) 


Usual range 63 70® F 

Usual range 70 74® F 

Usual range 70 74® F 


Extreme range 67 80® F 

Extreme range 54 74® F 

Extreme range 70 74® F 


(Groups A, B and C) * 

(Groups A B, C and D) 

(Group A) 

2 

Rabbit hutch facing 
north 

Unheatod wooden shed 

Heated wooden shed 


Usual range 40 60® F 

Usual range 40 50® F 

Usual range 60 65® F 

i 

3 

4 

Extreme range 34 65® F 

Anunals protected from 
ram but exposed to 
\vmd from \4hich they 
could shelter bj gomg 
to back of cage 
(Groups B, E and F) 

Extreme range 28 58® F 

Temperature x aned nc 
eordmg to cluuatio con 
ditions Animals exposed 
to draughts 
(Groups E F and G) 

! 

1 

Extreme range 56 76° F 
(Groups B and E) 

Unheated wooden shed as 
in experiment 2 

1 Usual range 40 50® F 
Extreme range 26 68® F 
(Group C) 

Rabbit hutch facing north 
as m experiment 1 

Usual range 35 46® F 
Extreme range 20 60® F 
(Group D) 


* For explanation of groups see tables "NT \ HI 


The nature of the environments is detailed m table H and under 
** results Air temperatures were recorded continuously on 7 day 
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thermograplis. Rats were weighed twice weekly throughout and at 
death, but growth curves are not given because they are not relevant 
to the questions discussed. Water was provided ad lib. Composition 
■of the diets is given in table III. The food intakes of selected rats 
were measured daily. 

Table HI 


Percentage, composition of diets used 



rreUrniitary Mgh- 
cascin diet no. 51 

Experimental low- 
casoin diet no. 47 

Preliminary* high- 
casein diet no. 82 

Casein (vitamin-free : Glaxo) 

16 

8 

19 

Yeast . 

3 

3 

3 

Lard ..... 

7 

7 

7 

Sucrose ..... 

68 

76 

6o 

McCollum’s salt mixture 185-f-l^t 

4 

4 

4 

Cod-liver oil (B.P.) (c.c.) 

1 

I 2 

2 

2 


The following B vitamins (mg, per 100 g. diet) were added to all the above diets: 
anenrin 0*3, riboflavin 0'3, Ca pantothenate 2*0, pyridoxin 0*3, inositol 0*6, nicotinic 
acid 4*0. 

♦ Dried yeast powder (Pulv. saccharomycetis cerevisi® exsicc,) The Phannaco-Chemical Products 
Xtd., Londofl and Burtcn-on-Trent, 

t McCollum’s salt mixture 185 +0*21^1 g. KI per kilo salt. I* content of final diet 0*9 mg. per 100 g. 

The food intakes for all three experiments are shown in tables IV 
.and V and particular points are illustrated in figs. 6 and 7. It will 
be observed from tables II and IV that the food intake of rats fed 
4id lib, is related to the environmental temperature, and to the age 
of the rat. The relation of food intake to the incidence of liver necrosis 
is shown in table VI and is considered in the discussion. 

All rats were examined post mortem. In those which died with 
acute massive necrosis of the liver the organ was mottled with patches 
of dull grey and depressed red areas (figs. 1 and 2). Histologically, 
acute necrosis usually of the massive type was present (figs. 3 and 4). 
Hasmorrhagic lesions were also found in the lungs, stomach and 
thymus of some animals. In rats which died without massive necrosis, 
the liver was dark red in colour and small in size. Testicular degenera- 
tion was found in every rat given the experimental diet. Degenerative 
changes were often seen in the renal tubules but these lesions bore 
no relation to the environment. 


Results 
Experiment 1 

Environments, Two enviromnents were used : 
room was part of a nou-insiilated brick building 
Mgb. It was heated by hot-water radiators and 
placed near the floor. Lighting was from cetog 
hutch facing north. This was made of wood with a 
felt. It was divided into compartments 16x24 


(1) Old animal house. This 
and measured 11X10 X14 ft. 
by electrical tubular heaters 
windows. (2) Outside rabbit 
roof covered with bituminised 
Xl9 in,, into each of which 




Average food coMwmption (R/rat/da>) /n^rlctcd*^ 
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four cages could be pufc. The rats were thus protected from the rain, but exposed 
to the wind from which they could take shelter at the back of the cage. 

Methods. Forty-three male rats, first litters bom between 12th and 16th 
February 1949, from eleven mothers, were distributed by litter mates at random 
on 16th March, when 27-31 days old, into six groups. Tliree of these groups, 
labelled A, B, and C were kept in the heated animal house at 57-80® F. throughout 
the experiment. Six days later, i.e. from 21st March, they were put into individual 
cages containing wood wool. The cages measured 14x9x9 in. high and had 
a J-in. mesh floor. The animals thus had access to their faaces. 

On 15th March also, groups D, E, and F were acclimatised to outside 
temperatiires of about 40"^ F. For this, each group was kept in one cage con¬ 
taining wood wool in an unheated brick building without windows or doors 
for six days, after which each animal was put into a separate cage with wood 
wool. IText day the wood wool was removed and the cages were transferred 
to the outside rabbit hutch where they remained until the end of the e^eriment 
on i6th May 1949, i.e. 53 days after the experimental diet was first given. 

The mothers received the modification of the Eowett Institute stock rat 
cube containing 14 per cent, dried whole milk (Sengupta and Howie, 1948-49), 
liquid fresh milk and unlimited green food during pregnancy and until the 
16th day post partum when diet 51 (containing 16 per cent, casein and 3 per cent, 
yeast) was substituted. The weanling rats of groups A, B, D, and E continued 
to eat this diet until 24th March 1949 (36-40 days of age) when the experimental 
low-casein diet 47 (8 per cent, casein and 3 per cent, yeast) was given. Groups A 
and D, which were allowed to eat to appetite, ate roughly 6*2 g. a day (table IV}. 
Groups B and E were allowed at first 5 and 6 g. respectively per rat, once a 
day at 10 a.m. The amoimt given throughout the experiment was adjusted 
so that all of the animals in these groups always ate all of the food that was 
offered and yet continued to grow. The amounts given are shown in table V. 

Tablk y 


Food ojfered to “ restricted ” gro 2 ips 


Expt. 

Group 

Amount of food 
offered (g. per rat 
per day) 

Amount eaten 

Bemarks 

1 

B 

5, 6, 4-4 
(see remarks) 

All food eaten except 
• towards the end of the 
experiment 

Amount of food offered 
was reduced when air 
temperatures rose 


E 

6, 7, 7 and 8 g. 
for 4 days. 9g. 

All food always eaten 


2 

B 

subsequently 

3*8 then 3*6 

Food often not com¬ 
pletely eaten 

Rats not truly restricted 
even with this small 
[ amoimt of food. Some- 

1 times they ate only 

2-3 g. a day 


F 

7-9*5 

All food always eaten 
except by rat no. 24 

Rat no. 24 died from 
acute liver necrosis in 
25 days while eating in 
its last week an average 
of 7*0 g. per day, i.e. 74 
per cent, of the food 
offered 

3 

E 

i 4-6 

All food always eaten 



Group C, kept in the old animal house, and group F, kept m the rabbit hutch, 
served as controls; they were fed on Eowett Institute stock rat cubes from 
21st March {33-37 days old) and were caged individually. 





Flo 3 —^Acute Uvcr necrosis Note absence of 


Fio 4 —Normal rat liver Maximow s stai 


granulotion of cj^oplasm and presence of X450 

pyknotic nuclei Sfaximov s stain x 460 


0 
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Besults. Tho incidence of deaths in experimental and control rats 
is sho^\^l in tables VI and VII lespcctively and the percentage 

Tablt: \t: 


Incidence of deaths in experiments nos. 1, 2 and 3 in rats 
giien experimental diet 




Slinagement 


Xo 

of rats 
tested 

Xo dead 
u 1th acute 
ran«iie 
liver 
necrosis 

Median 

Xo dead 
without 
acute 
necrosis 
of liver 

Expt 

no 

Group* 

Ilou^ing 

Tlxptrl- 

hicntal 

diett 

Fccdiag 

sunhal 

lima 

(days) 

1 

A 

Old animal house 

47 

-4d hb. 

S 

7 

17 



B 

Rabbit hutch 

47 

Restricted 

0 

U 




D 

47 

Ad lib. 

8 

0 




E 


47 

Restricted 

9 

0 



o 

A 

Now animnl house 

47 

Ad Itb. 

9 

S 

43 



1 B 


47 

Restricted 

9 

! 8 

40 



! C 


62 

Ad hb. 

5 

1 




E j 

TJnhcfttcd wooden 
shod 

47 

Ad hb. 

10 

3 


H 


r 


47 1 

Restricted 

10 

1 



3 

A i 

Now animal house 

47 

Ad Ub. 

12 

11 




B 

Heated wooden shed 

47 

Ad hb. 

12 

8 

26 



C 1 

Unheated nooden 
shed 

47 

Ad Ub. 

12 

0 


1 


^ 1 

Rabbit hutch 

47 

Adhb 

12 

0 


i§ 

1 

E ! 

Heated wooden shed 

47 

\ Restneted 

1 

6 

0 


0 


• For EFOups C and F of experiment J nnd D and G of experiment 2, ‘^ec table VII 
t Composition of diets in table III 

♦ This animal died 53 dajs after being fir^t gheii the cxpenmental diet For 4 days before this rat 
died the temperature of the animal hon*© ntia around SO® V 

5 TIjc two rats Indicated were litter mates and trcrc kllUd on the 16 th and 21st days respectively of the 
experiment because of ec\crc otitis media 


Table VII 

Incidetice of deaths in experiments nos. 1 and 2 in rats fed on 
stock rat cube diet ad lib. 


Expt no 

Group 

IloUflng 

Xo tested 

Xo died 

Eemarks 

1 

C 

Old animal house . 

5 

0 



F 

Robbit hutch 

4 

3 

No liver necrosis 

o 

D 

New animal house . 

6 

0 1 



G 

Unheated wooden shed 

10 j 

’ 1 

No hver necrosis 


survival rate of rats in group A (diet 47 ad lib.) is shown in fig. 5. 
The lesults are discussed with those of experiment 2. 

Experiment 2 

Experiment 2 was begun in November 1949 when the new animal house at 
the Rowett Institute was nearly completed. Certain modifications from 
experiment 1 were mtroduced affectmg (1) the environment, (2) the prelimmary 
procedure, and (3) the method of randomisation and acclimatisation to the 
unheated environment. 
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1. Environments. The new animal house is an insiilated building designed 
to maintain a temperature of 70-74® F. tliroughout the year. This was the 
heated environment and except on four occasions when the temporary electrical 
current failed the temperature remained between 70 and 74® F. The cold 
environment was an unheated wooden shed 10x15x14 ft. high, lit by two 
side windows 2 feet square and a window 3 X 2J ft. over the door. The rats were 
placed in individual cages in two tiers in a rack down the middle of the room. 
They were thus protected from wind and rain but were exposed to draughts. 



Days 

Fig. 5.—Experiments 1, 2 and 3. Percentage of rats surviving on days after receiving 
experimental diet:— 



Experiment 1, group A, diet no. 47 ad lib. (8 rats). 

„ 2, „ A, „ 47 „ (9 rats) 

2, „ B, „ 47 ** restricted ” (9 rats) 

„ 3, „ A, » 4:1 ad lib. [12 mis) 

„ 3, „ B, „ 47 „ (II rats) 


2. The preliminary procedure. The mean weaning weight of 43 male rats 
in experiment 1 was 32*7 g. compared with 4B*8 g. for male albinos of the stock 
colony (table I), These means differ significantly (P ~ 0*01). On this account 
in experiment 2 the protein in the preliminary diet was increased to 19 per cen . 
casein plus 3 per cent, yeast (diet 82) and this diet was not substituted for e 
stock diet till the 18th day post partum. In experiment 2 the mean waaiMg 
weight of 58 rats was 36-2 g., significantly greater than in e^erjinent i 
(P:^0'05). But it should be noted that in experiment 3 where diet 51 was 
again used in the preliminary period, the mean weaning weight of 56 rats was 
42 g.> significantly greater than' in experiment 2 and similar to tha o le 
stock rats. Without direct comparisons, it is difficult to state the cause o le 
differences in weaning weight. 

To offset the effects of better preliminary diet in experiment 2, the experi¬ 
mental diet was given when the rats were 34 days old, i.e. 2-6 days ear ler an 
in experiments 1 and 3. 
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X3sed. On weaning, each rat was allocated to one of 7 groups (table VTTT)> 
according to a scheme of random numbers drawn up from Pisher and Yates’a 
table xxxiii (Fisher and Yates, 1948). Acclimatisation to the cold was carried 
out as follows ; On the 28th day of life the rats allocated to the unheated wooden 
shed (groups E, F and G) were placed there during the day in group cages 
containing wood wool. At night (5 p.m. to 9 a.m.) they were returned to tho 

Table VHI 


Groups in experiment no. 2 


f Group 

Em ironment 

Prehminarj’ 

from 

weaning to 

34 til day of age 

ExpcTimeutal 
diet \\ hen 

34 da\s old 

reeding of 
experimental 
diet 

A 

Animal house 

82 

47 

Ad lib. 

B 

,, ... 

82 

47 

Restricted 

C 

,, . * . 

82 

82 

Ad lib. 

' D 

j» ... 

Stock 

Stock 


1 ® , 

XJnheated wooden, shed . 

82 

: 47 


1 F 


82 

47 

Restricted 

1 G 

1 

>> » • 

Stock 

Stock 

Ad lib. 


Rats distributed on weaning to groups by random numbers 
(Fisher and Yates’s table xxxiii) 


heated animal house. On its 31st day of life each rat was transferred to its own 
cage and remained day and night in the unheated wooden shed. Wood wool 
was provided till the 36th day. On their 28th day of life the rats allocated to 
the heated animal house (groups A, B, C and D) were placed in individual cages 
with wood wool and remained thus caged till death or to the end of the experi¬ 
ment. Survivors were killed 69-71 days after the experimental diet was first 
given. 

The amotmts of food allowed to the restricted groups are shown in table V. 
Often the rats in the heated animal house did not eat even this small amount 
(3-8 or 3*6 g. a day) and were, therefore, not truly restricted. 

Residts. The incidence of deaths is shown in table VI and the 
percentage survival rate of the rats in group A (diet 47 ad lib.) and 
group B (diet 47 “ restricted ”) in fig. 5- It will be noted that the 
results differ in three ways from those of experiment 1. 

(1) In the heated animal house at 70-74^ F. the incidence of deaths* 
and the median survival time were not different in the “ ad lib, 
and restricted ’’ groups. It was not realised until the experimental 
diet had been given for 4 weeks that 3 *6-3 *8 g. of food per rat per 
day would not be an adequate restriction at this temperature. It was* 
decided, however, not to interfere with the original plan. It may be 
woiiih noting that the one death in the comparable group in experi" 
ment 1 (group B, table VI) took place when the environmental 
temperature had risen to nearly 80^ F. for 4 days. 

(2) The median survival time of the animals in the heated environ" 
ment in experiment 2 was 43 days as compared with 17 days in 
experiment 1. In the absence of a direct comparison of the two 
procedures using litter mates under identical environmental conditions, 
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This latter group was placed in the environment of 60-65® F, which simulated 
the conditions at the beginning of experiment 1. 

The procedure, shown in table I, followed that used in experiment 1, with 
randomisation by litter mates. Acclimatisation to the cold environments was 
carried out as in experiment 2. Experimental diet 47 was commenced when 
the rats were 38 days old. Survivors were killed 70 days after the experimental 
diet was first given. 

Results. The results confirmed those of experiment 1. The 
incidence of deaths is shown in table VI and the percentage survival 
rates in fig. 5. The food consumption of selected animals is summarised 
in tables IV and V. 

Discussion 

From these results tv^o conclusions may be drawn : (1) environment 
plays a definite part in determining the incidence of acute liver necrosis 
in rats given a low-protein, vitamin E-deficient diet, and (2) the 
method of feeding is important. 

Environment 

The most obvious difference between the environments was that 
of the air temperature. The effects of fresh air as compared with a 
static atmosphere, and of differences in humidity, barometric pressure 
and other variables were not determined in these experiments. 

In the old animal house in experiment 1, the temperature fluctuated between 
57° and 80° F., being nearer 63° F. at the beginning of the experiment. In 
experiment 2 it was intended to hold the temperature of the new animal house 
steady at 70-74° F., but owing to failure in the temporary electrical supply 
this was not possible until the latter part of the course when the building was 
completed. The first three deaths of experiment 2 occurred in animals o 
different ages on the same night of 19th-20th December, when the temperature 
dropped suddenly from 74°F.-58°F. It became clear as this experiment 
progressed, and from experiment 3, that deaths occur regularly if a steady an 
sufficiently high environmental temperature is maintained ; but it is not ye 
certain whether a fluctuating temperature or a sudden drop in temj^rature 
may precipitate necrosis. Dent (1947, p. 316) also noted that some^of ^ ^ ^ 
“ happened to die on the same day with acute necrosis of the liver after ey 
had been 118 days on the experimental diet but he does not comment on is 
environmental conditions, Tlie best environmental temperature for pro ucm^ 
the disease in my experiments was 70-74° F. though until further ^ 
is available about the effect of still higher temperatures this sho no o 
regarded as the optimum. 

The results of exposing rats to cold differ from those described by 
Nafbalin and Howie for the pig. The pig’s Hver contains a arge 
amount of smooth muscle in its hepatic venous tree (Nafta ^ 
Howie), the muscle being present not only in the large radicles o le 

hepatic vein but sometimes at the junction of the central and sub- 
lobular veins. The rat’s hver is devoid of such musculature, wuci 
possibly plays a part in producing the centrilohular necrosis m pio 
exposed to cold and damp. Moreover the environmenta con i ion 
in Naftalin and Howie’s experiment with pigs were not the same a 
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day in the unheated environments was not attempted because it was realised 
that less food than this {i.e. a ratio of food intake “ ad lib."r restricted ” greater 
than 1-3 to 1) at an environmental temperature of 40“ F. or lower was insufficient 
to prevent the rats from dying suddenly without liver necrosis. It should he 
noted that rat 24 of group 2F (tables V and VI) died with liver necrosis at an 
environmental temperature of 62“ F. when not eating aU the food which it was 
offered, i e. it was not “ restricted These studies indicate that a rat survives 
or dies of liver necrosis or of inanition according to interactions between the 


environment, the diet and the manner of feeding. 

"While it maj'- be argued that low environmental temperature maj^ 
by increasing the food intake, reference to table IV and fig 7 (e^erimen ) 
shows that rats 6 and 31, which died from acute necrosis, differed very little 
in their food consumption from rat 10 which survived the eipenment. ihe 
figures for rat 86 which was younger and therefore exposed to the cold enwon- 
inent at a later date, are not directly comparable. Nevertheless for a s^ar 
period, i.e. the first 4 weeks of its life, its food consumption was not d^nt 
Tliese four rats had approximately the same weight. It 
that liver necrosis is prevented by a low environmental 

because the low environmental temperature mcreases food mtake. Aga^^’ 
while low protein intake may be a conditioning factor, ,. y j, 

avafiable, while not sufficient to provide results that can be analysed ^t^tistica^. 
do not support the view that low voluntarj^ food consumption per se is a came, 
tf SrLis" Thus, in experiment 2, rats 3, 36 and 37 

sumptions of 4-2 g., 3-9 g. and 3-6 g. per day and W 

rat 7 with an average food consumption of 4-0 g- X related 

and fig. 6). All four animals had a fluctuatmg mt^m f 

to the emionmental temperature. Fig. 6 shows f mts died whUe m^ jsmg 

their food intake In ex-perunent 3 group A -^^/^gYand s^e-d necrosis, 
low voluntary food consumptions of 4-8 g., 4 b g., nperosis ftable IV). 

whUe rat 127 trith a food consmaptioa af d-1 8; rl 107, 

In group B of this experiment a eumlar rel fluctuating food con- 

119 »d 125. and rat 102. In eufflcient 

sumption was recorded. TIius observation o o 

to predict which rats will die of necrosis. 3 

Furthermore, in experiment 2, group C (d ’ . day of age 

yeast), one rat among 5 died from acute liv measured, but as its 

(table VI). The food intake of this particular rat w 

growth curve paraUeled those of the ot ^ tliis e%ddence would 

assume that its food consumption was no rather than in protein 

seem to point to a fundamental change - ^ 0^2 t^e cause of liver 

consumption or a simple protein or vitamin 

necrosis. . o^nd those of Himsworth and 

Two differences between these ^ my experiments were 

Gl 5 'nn should he pointed out. First, the r experiment in their 5th or 

males weighing about 70 g. at the hegmnmg of 

6th week of life ; those of Himsworth ^ function of its body weight, 

120-150 g. in weight. As the food mttke of a ” group in a heated 

the largest amount, namely 6 g., offered ^ if I had used heavier 

environment would have meant even gma js tmlilcely, therefore, 

rats of the weights employed by Hunsworth ana ^^^^oen 

if larger animals had been used m my sp (Jifferent. Secondly, 

» restricted ” and » ud lib.” fed groups \7fte e®-T^°hydrate, while my 

Himsworth and Glynn used com starch are not nutritionally 

diets 51 and 47 contained sucrose. “ ,ison it is not possible to say 

equivalent but in the absence o influence the outcome, 

blether different carbohydrates would influence me 



DIhTARY LIXCR NECROSIS CC3 

Hypotheses 

IVora 1113 expcnmonts ifc is obxjous tint a siniiile ovplanation for 
tho dietary cause of this disease is not 3 efc a\aiiabJe TJie icsults 
show that cold and restriction arc somohou capable of protecting 
rats against acute diotaij necrosis pf the h\or Unfortimatch the 
mode of action cannot as 3 ot bo explained but some speculations 
may bo olTercd, cspcciaU 3 ’' in the light of h 3 potheses discussed b 3 '' 
Gydrg 3 , Koso, Tomarcl/i and Goldblatt (1950) in their most lecent 
anal} sis of this disease 

These workers found that rats given diets containing British jeast (DCL 
vntomm Bj 3 east of tho Distillers’ Companj Ltd, Glasgow) v\cro more lilvoly 
to develop nocrosts than rats given diets contammg American jeast (Tj’pe 50 
brewers’ j east. Standard Brands Inc ) They concluded that a pure deficienoj 
of cjstmo and vitamin li does not cause the disease, and suggested two 
possibilities (1) tho presence of some unidentified toxic factor m British jeast, 
and (2) tho production of toxic metabolites In mj experiments an uiudentified 
toxm m tho jeast is not an acceptable explanation because the rats which ate 
most of the diet, t c those kept m tho cold, e^icaped the disease, a result not to 
bo expected if tho diet were itself toxic On the other hand, cold and dietarj 
restriction might act similarlj bj leadmg to more complete metabolism which 
miglit be less hkoly to favour tho production and accumulation of metabolites 
toxic to tho hv cr Vot a third possibility mnj bo suggested, metabolic imbalance, 
which does not raise the question of toxm or toxic metabolites Tlie liver cell 
appears to be kept intact bj balanced forces controUmg its metabolism m one 
direction or tho opposite It is not suggested that these forces act at one point 
only m tho metabolic cham Sliould anj of the forces acting m the same 
direction, smglj or in conjimction, bo v^ eakened, the metabolic processes become 
imbalanced However, before necrosis can occur another force acting m the 
opposite direction maj be necessary 

Two substances acting m one direction have definitel 3 been 
identified, namel 3 , cystme and vitamm E The work of Schwarz 
and of Hove and Hams (J947) suggests that ^antiune nia 3 ’' bo added 
to the list though this substance has not yet secured such general 
acceptance as an inhibitor of dietar} neciosis as have cj’^stine and 
vitamin E Weichselbaum prevented the deatlis of two early cases 
of cystme deficiency in rats by injecting intrapentoneally 150 rag of 
glutathione Leaf and Heuberger (1947) found that tlus substance 
rapidly disappears from hver tissue in lats fed on a low protein diet 
(100 mg of yeast ?= 40 50 mg of yeast protein per rat per day) 

Should the effect of these protective substances become too great, 
necrosis wdl agam result, though the raetabohe pi 0 cesses leadmg to 
this visible cellular change may be different Excess of cystme has 
been shown by Curtis and Hewburgh (1927) and by Earle and Victor 
(1942) to lead rapidly to hv er necrosis m rats Deficiency of v itamm E 
or excess of vitamm E both result m a marked elevation of phosphoius 
turnover (Weissberger and Hams, 1943) No reports have been 
found on tho effects of excess vitamm E or xantlune on hver stiuctuie 

It would also appear from a stud} of tho hterature that th 3 ’Toxiii 
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(Handler and FoUis, 1948) and in certain circumstances choline 
(Himsworth and Glynn, 1944-45) may be substances -which act in 
the other direction. Methionine in small anaounts would also come 
into this group. Usmg oxidised casein, which is free from cystine 
and methionine, as a source of protein. Hove et al. (1949) found that 
necrosis did not occur in vitamin-E deficient rats unless 0-25 per cent, 
of methionine was added. Amounts of methionine of the order of 
1 per cent, or more can also prevent liver necrosis, presumably because 
some of the methionine is converted to cystine. Excess methionine 
(6-4-12'4 per cent.), however, results in atrophy, -without necrosis, of 
liver cells (Earle, SmuU and Victor, 1942). 

The “ restricted ** groups housed at 60-65® F, were deficient in cystine and 
vitamin E and it is suggested that the forces opposing these deficiencies were also 
reduced, Bestricted animals cannot satisfy completely their energy require¬ 
ments. It may be that the available energy-giving substances are metabolised 
elsewhere in the body than in the liver. In experiment 2 the environmental 
temperature was 70-74® F., which is nearer thermoneutrality for the rat, 
the range of about 81-91® F. within which “ the environmental temperature 
is perfectly adjusted to keep the body temperature normal without regulation ”, 
and “ the heat loss from the body is equal to the ^ minimum ’ heat production ” 
(Brody, 1945, p. 284), As the environmental temperature nears thermoneutrality, 
changes in temperature exert a diminishing effect on basal metabolic rate. 
For this reason, at 70-74® F., compared with 60-65® F., energy requirements 
are more easily satisfied, hence it was more difficult to impose a true restriction 
of food intake. Any excess of food beyond the energy requirements would 
not be diverted from the liver elsewhere nor would it provide in a deficient 
diet the necessary building blocks for good growth. 

The rats fed on the experimental diets in the unheated environments were 
also deficient in vitamin E as shown by their testicular degeneration and lack 
of pigment in their teeth ; to judge by the poor quality of their hair compared 
with that of rats fed on stock diet they were also deficient in cystine. Here 
too, the relative excess of energy-producing substances would be diverted to 
tissues other than the liver. Increased metabolic rate in the cold is due to 
increased tissue metabolism. In experiment 2 the animals which died firom 
acute necrosis in the unheated wooden shed presumably would not have this 
tissue stimtilation. 

It will be noted that the opposing substances fall into two categories, 
either anti-oxidants or oxidants. The immediate problem of producing 
acute liver necrosis with regularity may now be resolved into a search 
for more of these substances, particularly those which act in opposition 
to vitamin E and cystine. The essential lesion would appear to be 
in the functioning of the liver cell and it is probably at this level that 
the final explanation of the necrosis should be sought. These specula¬ 
tions emphasise that the experimental production of this disease is 
still not fully understood. In the meantime the relationships between 
environment, manner of feeding and incidence of liver necrosis wliic 
are described in this paper indicate new methods of attack. 
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In order to take cinomatographic records by phase contrast at 
high magnification certain conditions must bo satisfied. All events 
photographed must take place on the lower surface of the cover-slip. 
There must bo a minimum of material in the field of view; otherwise 
the halo produced by phase contrast obscures definition. The distance 
between cover-slip and slide must be the least possible. The prepara¬ 
tion must bo sealed to prevent drying and convection currents. 


Material examined 

After many experiments the following procedure was adopted. 
JStaphylococcits aureus, Oxford strain, was gro^vn for 18 hr. on Hartley’s 
agar ; if grown for longer, leucocidin was formed and phagocytosis 
did not occur. The culture was liberally applied in a streak to one 
end of a siliconed cover-slip (see below); it was then fixed by heat. 

Heparin was placed on a finger and the finger was pricked through 
this. A drop of blood was then placed on the cover-slip as close as 
possible to the streak of cocci without touching it. The cover-slip 
was placed in a moist chamber, and incubated at 37° 0. for one hour. 
jMany polymorphs now adhered to the cover-slip, but there were far 
too many rod cells for cinematography. As much blood as possible 
was removed with a pipette, and heparinised plasma from the same 
subject was used to wash away as many cells as possible. The cover- 
slip was then pressed vei^'- firmly on to a slide ,* the plasma now covered 
tlie cocci. The edges were sealed with wax. 

Siliconed cover-slips wore prepared as follows. After heating to 
400° C. they were dipped in a 3 per cent, solution of “ D.O. 200 ” 
fluid (Albright and Wilson, Ltd.) in carbon tetrachloride. Excess 
solution was strained away, and solvent removed by heating for 
30 minutes at 110° C. The cover-slip was then baked for 3 hr. at 
250° C. Siliconed glass cannot be “ wetted ” and droplets of blood 
or plasma remained spherical. 

Time-lapse photographs were taken by an electric timing device 
at intervals of from 2-8 seconds. 

\ 

Results 

Polymorphs in plasma remained spherical, and did not put out 
pseudopodia or move until they touched a surface. This surface 
might be glass, or an air-bubble; they attached themselves firmly 
to a siliconed surface, and moved freely on it. Phagocjdosis was 
never observed in polymorphs supended in plasma ; moreover when 
polymoiphs were attached to a surface they very rarely ingested 
organisms free in the plasma. Cocci were repeatedly seen to float 
across actively moving polymorphs without being phagocytosed; 
yet the distance between cover-slip and slide was so small that red 
cells were flattened. Polymorphs did not move towards cocci which 
were more than 100 /z distant; but they forced their way through 
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intervening red cells to reach the cocci. When movhig, the leading 
edge of the polymorph was non-granular; the succeeding portion 
contained granules in active motion.; the distal gi'anules were motion¬ 
less. Cocci were engulfed by the leading edge and instantaneously 
detached from the cover-slip; they moved rapidly to the centre of 
the polymorph and if more cocci were taken up they were aU collected 
in one central pattern. 

After 1-| hr. in sealed preparations polymorphs developed large 
vacuoles; they ceased to move away from their position, but sent 
out pseudopodia in ah. directions, indenting red cells. At this stage 
phagocytosis has been observed to continue, but only in a rare case 
where a coccus drifted into contact. In 2 hr. movement ceases, and 
disintegration of the polymorph begins. 

In the series of photographs illustrated, a polymorph moved 
towards an aggregate of cocci numbering many thousands (fig. 2 ). 
It appeared to merge with the coccal aggregate (%s. 3-6) and through 
the watching eye-piece could not be separately distinguished; but 
since only 10 per cent, of the hght is deflected, definition is poor. 
It was then observed to extend over the whole margin (fig. 7); its 
three lobes were widely separated without any visible nuclear bands. 
Isolated cocci were phagocytosed and moved freely in a thin waU of 
cytoplasm. After 20 min. a cleft appeared in the aggregate (figs. 7-8) 
and very quickly spread until a bean-shaped raft in area about 400 sq, ii 
was detached. This raft became detached from the surface, and 
moved freely away from the aggregate (fig. 10 ); in tins figure another 
polymorph is seen applied to the edge of an aggregate. Later the 
three lobes drew closer together; but by this time two hours had 
elapsed and no further observations were valid. 


Discussion 

Neither in the fibn as projected nor by direct observation was 
it possible to see a cell-wall aroimd the raft. It seems that the mass 
was detached by a shearing action; there must however be some 
unknown mechanism whereby a single coccus firmly fixed by heat to 
a slide is removed by a polymorph instantaneously. Such cocci adhere 
firmly to slides even when washed or immersed in 25 per cent, sulphuric 
acid. The removal of single cocci strongly suggests a solvent action 
exerted remarkably quickly on the surface of the coccus. 

It is sruprising to find that a single poljnnorph can remove from 
a surface aggregate many thousands of cocci, and carry these 
into the plasma. If this occurs m vivo the mass would presumab 3 
be carried in the blood stream until arrested as an embolus; an 1 
live cocci were carried in this waj'' metastatic suppuration mig i 
follow. However, all attempts to design a method wherein living 
organisms were used were unsuccessful; for example, live coccj. 
suspended in plasma which was later clotted were not phagocytose 
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Figs. 2-4.—Slovemcnt of poI;jTTic>rph througli red cells to coccnl aggregate. 



Figs. 5-G.—Polymorph applied to cocci. 



Figs. 7-8.—Beginning and extension of fissure on right side of 
coccal aggregate. 



Figs. 9*10.—Separation of “ raft ** from main coccal mass. 
Figs. 2-10.—Initial magnification x 230 ; enlarged to X 700. 
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Summary 

An apparatus and methods are described for phase-contrast 
cinematography of human polymorphonuclear leucocytes. In studies 
of phagocj'tosis by the methods described, it uas observed that a 
poljunorph could detach heat-killed and fixed staphylococci from the 
surface of a siliconod cover-slip. This phenomenon is illustrated. 

Tlmnlcs are duo to Sir J. HajTics for teclmical assistance and to the Depart- 
incnt of Clinical Photography, Westminster Medical School, for the enlargements. 
The cmeraicrographic apparatus Tvas designed and made by Mr P. Cliffe, the 
timing device by Dr Boss Kobinson. 
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THE DExMONSTRATION OF BACTERIAL 
CAPSULES AND SLBIE 

J. P. DuauiD 

From the Bactcrioloiji/ Department^ University of Edinburgh 

{Platjes CXIV-CXVIH) 

ExTRACELLxn:^R material of gelatinous or gummy consistence is 
formed by many bacteria, particularly those giving mucoid growths. 
This material may remain firmly ndlierent as a discrete covering 
layer on each cell, that is as capsules, also called slime-layers or slimy 
onvolopes, or it may part freely from the cells as loose slime, also 
called free slime, gum or zoOgloea. Loose alirae remains as a confluent 
matrix around the bacteria in colonies on solid medium, but disperses 
from the bacteria in liquid medium. Typical capsule-forming strains 
of bacteria show capsules on most or all of the cells in their cultures ; 
such strains often produce much loose slime in addition to the capsules. 
Other strains, best designated sbrao-formmg, produce an abundance 
of loose slime, but show capsules on few or none of the cells in their 
cultures. 

The term sUmo-layer, or slimy envelope, has been used by some 
authors as synonymous with capsule, and by others as distinguishing 
a soft, imperfect kind of capsule which does not have the regular 
shape and weU-dofined edge of the typical capsule (Rowland, 191^; 
Etinger-Tulczynska, 1932-33 ; ICnaysi, 1946; Klieneberger-Nobel, 
1948). Because it has been given these diverse meanings and because 
it is liable to bo confused with loose slime, the term slime-layer wfll 
be avoided. The term capsule will be used for any microscopically 
demonstrable covering layer external to the cell-wall which is firm 
nnough to remain adherent when the cells are suspended in water. 
The term slime will be used exclusively to mean loose slime. 

Many different methods have been suggested for microscopic 
demonstration of capsules and slime, but as yet none seems to inspire 
general confidence. Most methods are liable to occasional failure in 
demonstrating capsules, some falsely give the appearance of capsules 
around non-capsulated bacteria, and most fad altogether to reveal 
loose slime. The identity and equivalence of the surface structures 
exhibited by some of the staining methods are uncertain; thejr 
elucidation is particularly desirable in view of the great importance 
now attached to these surface structures in many fields of study, as 
j. PATH. BAOT.—voi. van 673 2 tr 2 
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in th.e case of bacterial virulence, variation, antigenicity and phage- 
adsorption (see Miles and Pirie, 1949). Because the wide diversity of 
methods at present used for capsules and slime makes the published 
results very difficult to compare and evaluate, the general adoption 
of one agreed method of choice would be advantageous. 

Por these reasons, a comparative trial of the main demonstration 
methods was undertaken. The wet-film India-inlt method emerged as 
the most informative and reliable of the available methods ; its general 
adoption is proposed, and its use in an investigation of 40 strains 
of Bacterium aerogenes and 55 strains of Bacterium coli is reported. 

Strains and cultural methods 

Tests were made with a variety of strains and species, in particular with 
capsulated type-3 and type-19 pnenmococci recently isolated from sputum, 
and with various non-capsulated, capsulated and slime-forming strains of 
Bact, aerogenes and Bad, coli. The aerogmes and coli organisms were isolated 
from fasces and other sources in this laboratory (A strains) or obtained from the 
National Collection of Type Cultures (N.C.T.C- strains); they were typed by 
their biochemical reactions according to the scheme of Wilson (1935). The 
Bact^ aerogenes collection included 37 type-I strains and 3 type-II strains 
(N.C.T.C. 5939, 8167 and 8173). The Bad. coli collection included 52 typeT 
strains and 3 type-II strains. 

In order that capsules and slime might be most clearly apparent, cultures 
were made under conditions favouring their maximum development. Inclusion 
of sugar or other carbohydrate in the culture medium has been found essential 
for production of large capsules and abundant slime in pneumococci and strepto¬ 
cocci (Buerger, 1907 ; 2ettnow, 1907 ; Morison, 1940; Wood and Smith,. 
1949), and in Salmonella, coliform and allied bacilli (Hoogerheide, 1939; IMorgan 
and Beckwith, 1939; Duguid, 1948). Duguid found that Bad. aerogeneo 
capsules were largest in cultures on a sugar medium wherein growth was limited 
by deficiency of an essential nutrient, such as the nitrogen or phosphorus source, 
so that after satisfaction of all the energy requirements of growth, an excess of 
sugar still remained available for S 3 Uithesis of capsular polysaccharide ; he also- 
found that the excess-sugar medium must be well buffered, since capsule 
formation was slight if an acid reaction was allowed to develop. Bunting, 
Robinow and Bunting (1949) confirmed these findings for Bad. aerogenes and 
found that Serratia TUarcescens behaved in the same way. 

In the present trial, Bact. aerogenes and Bact. coli were grown on plates of 
an excess-sugar peptone agar which was deficient in nitrogen and buffered with 
phosphate. This medium contained in 100 c.c. of distilled water; . maltose^ 
0*5 g.; peptone (Bactopeptone), 0*05 g.phosphate (anliydrous NajHPOi, 

3 parts ; KH 2 PO 4 , 1 part; pH 7'3), 0*5 or 1-0 g.; NaCl, 0-2 g.; 

O'l g.; MgS 04 , 0*01 g.; CaCls, 0-001 g.; BeS 04 , 0-0001 g.; washed agar 
powder, 2-0 g. Occasional use was made of MacConl^ey’s lactose-peptone agar, 
a medium which allows moderate development of capsules and slime, but no 
maximum development since its sugar-peptone ratio is relatively low ( - )- 
Parallel cultures were made at 35® C. for 1-7 days and at 15-20 C. for 2 ' 

the latter being included in view of the finding by Morgan and Beckwxt ^ ^ 
low temperature of incubation is necessary for development of mucoi gro 1 
by Bact. coli and certain other species. Pneumococci and streptococci were 
cultured at 35® C. on plates of moist blood-agar conta^g 0-l-0'2 per cent. 
glucose or sucrose, as suggested by Morison for maximum 
capsules. ^Microscopic observations were made hy oil-immersion with a f • - 
apochromatic objective and a green filter. 
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Obseiivations on dried and fixed films 

Capsules and slimo arc difficult to demonstrate microscopically 
Ijocause of their poor affinity for dyes and their liability to gross 
shrinkage on diying and fixing. In most methods for positive staining 
of capsules, the dye affinity of the capsules is first increased by 
application of a special fixative or mordant. In relief methods, on 
tlie other hand, the capsules are left unstained or weakly stained in 
-contrast to a strongly stained background ; the background staining 
is achieved by mixing the bacteria vith a stainable substrate or with 
n special background dye. Some clTj^-film relief methods suffer the 
-disadvantage that non-capsulated bacteria through shrinkage leave 
around tlieniselves clear retraction zones which simulate unstained 
•capsules ; Baehr and Ivantor (1912) found that such pseudocapsules 
TV ere produced by the methods of Boni (1900), Hamm (1907), Medah'a 
>(1911) and Rosenow (1911). 

Slirinkago and distortion of capsules were found by Baehr and 
Kan tor to be greatest in methods involving drying followed by heat 
fixation : methods of Welch (1892) and of Hiss (1901-05); somewhat 
less mth drying followed by chemical fixation : methods of Wadsworth 
{1900) and of Medalia (1911); and least with chemical fixation of a 
stiU moist smear: methods of Buerger (1905, 1907), of Hamm (1907) 
and of Rosenow (1911). Small capsules which were seen by the 
wet-fixation methods often could not be seen by the methods allowing 
greater shrinkage. 

Simple staimjig of heat-fixed smears. Capsules and slime are seldom 
recognisable in culture smears stamed in the ordinary \va.y wth a 
basic dye after drying and fixation by flaming. In the present trial, 
positive staining of capsules with methyl violet was sometimes acliieved 
in cultures made on sugar media : for t3^e-3 pneumococcus and for 
JBact. aerogenes (as fig. 4 of Duguid); the successful smears were 
made by spreading a colony directly on a slide with admixture of 
little or no water. Capsules of bacteria in infected body fluids are 
more readily stained in heat-fixed smears than capsules from cultures. 
In smears of the heart blood of infected mice, the type-3 pneumococcus 
and a Pact, aerogenes (A 29) regularly showed small capsules positively 
stained ; in smears of infected peritoneal exudate, the capsules were 
stained less strongly, often in outline only. 

Use of special suspending media. Many methods involve preliminary 
suspension of the culture in a special fluid ; smears are then made 
from this suspension and stained with a basic dye. Serum or ascitic 
fluid was employed by Hiss, Buerger, Hamm, and Toenniessen (1912); 
glycerine, egg-albumen and formalin by Boni; and serum and phenol 
by Jasmin (1945). Such a procediue may minimise shrinkage and 
may render the capsules more stainable. In some methods, as those of 
Boni and Jasmin, it gives a stained background with unstained capsules 
shoving in relief. 
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In trials -wnth the copper-sulphate serum method of Hiss, the 
results were unsatisfactory, the capsules on some occasions being 
quite invisible and on others positively-stained but much slmunken 
in size. For the relief method of Jasmin, cultures were suspended 
in ph 5 ''siological saline containing 1 per cent, (w/v) phenol and 10 pei* 
cent, (v/v) ox-serum, and smears of tliis were dried, fixed with 
methyl alcohol and stained with methyl violet. The capsules in 
cultures of pneumococcus and of £aci. aerogenes were thus readily 
demonstrated, but their appearances were very variable. In different 
parts of the same smears, capsules were (1) apparent in relief (fig. 1), 
(2) outhne-stained, (3) positively and uniformly stained, and (4) 
completely invisible. 

Use of special fixatives. Chemical fixation of smears is better 
than heat fixation since it causes less shrinkage and distortion of the 
capsules. Moreover, certain chemical fixatives, particularly the acids, 
appear to increase the dye-affinity of the capsules. Heat-fixed smears 
were treated with acetic acid by Friedlander (1886), Welch (1892) 
and Cooper (1925). Dried, unheated smears were fixed with formalin 
by Wadsworth (1906), and with Wright’s stain in absolute methyl 
alcohol by Wherry (1905), Churchman and Emelianoff (1933), Seastone 
(1934) and Sokhey (1940). Fixation of moist smears was effected 
with bichromate and mercuric chloride by Buerger, with osmic-acid 
vapour by Hamm, and with acetic acid, picric acid and formalin 
(Bouin’s solution) by Klieneberger-Hobel. 

Trial was made of Klieneberger-Nobel’s method A. 1 for capsules. 
Fig. 2 shows successful staining of the capsule in a young colony of 
type-3 pneumococcus, wet-fixed through agar with Bouin’s solution 
and stained with Giemsa’s stain. However, the method was not 
regularly successful; often the capsules were unstained and invisible 
in parts of the film. 

Use of tannic acid as a mordant. Treatment with tanmc acid is 
especially effective for increasing the stainability of capsules by basic 
dyes ; it also renders the cell walls stainable and the cell contents 
unstainable. Tannic acid is used in the capsule-staining methods of 
Rosenow, Muir (see Maokie and McCartney, 1948), Cooper an 
Kdieneberger-lSrobel (method A. 2). - 

Trial was made of Muir’s method on sugar-medium cultures ol 
type-3 pneumococcus and Bad. aerogenes. The results weie 
appointing. The capsules were positively stained, but usually aj^eare 
very small and indistinct as a result of gross shrinkage. With nc . 
aerogenes, a clear retraction space was often seen between tie re 
stained bacillus and the blue-stained capsular material; this space 
readily might have been mistaken for the capsule. i a o f r 

Trial was also made of Klieneberger-Hobel’s method A. 2 tor 
capsules, using as mordant a mixture of 4 parts of 20 per cen . 
acid, 5 parts of a saturated solution of potassium alum an par 
saturated mercuric chloride. Variable results were obtaine . ig* 
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Fio G Fig. 7 


Figs 0 oncl 7 —3 pneumococcus Capsules stamed like background, but out 
lined bj d>o meniscus m fig 0 and clear shrinkage space in fig 7 Little slime 
Hou 10 and Kirkpatrick’s eosin method 



Fio 8 Fio 9 


Figs 8 and 9 —Bact aerogenea (A3) Capsulated bacilli with much loose slime (light 
fibrous deposit) After 7 days at 35® C on excess sugar peptone agar Howie 
and Kirkpatrick’s method 



Fio 10 —Bact aerogenes (NCTC 5930) Fio H —^Type 3 pneumococcus Clear 

Kon capsulated bacilli with much slime capsular space and shrunken capsule 

After 7 days at 15 20® C. on excess sugar between stamed cocci and background 

agar Howie and Kirkpatrick’s method Butt, Bonjmge and Joyces dry film 

India mk method 
(Figs 6 11: x37o0) 
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bacterial suspension which is mixed with a dj^e or pigment to provide 
a dark background. The bacteria were mixed with Congo red and 
serum by Fletcher (1918) and Bruce White (1947), with protargol 
and eosin by van Riemsdijk (1921), with broth, eosin and serum by 
Howie and Kii’kpatrick (1934) and with nigrosin by Fleming (1941). 

Nigrosin and eosin were found to behave similarly in trials with 
pneumococcus, Bacilhis antliracis and Bact. aerogenes. The dj^e always 
infiltrated the capsule to some extent, and left the cell contents 
unstained. In some cases the dye concentration in the capsule 
remained appreciably less than in the background, so that the capsule 
was visible in relief as a lighter area (as in fig. 9). Usually the dye 
concentration in the capsule was nearly the same as in the background; 
then, the capsule might be indicated by a dark dye meniscus outUning 
its periphery (as in figs. 6 and 8), or by a clear retraction space left 
on its shrinkage inwards (as in fig. 7). Sometimes, however, the 
capsule remained invisible; especially in thick films, capsulated 
Bact, aerogenes were liable to appear indistinguishable firom naked 
bacilli, which usually show bipolar absence of stain. 

The eosin-serum method of Ho^vie and Kirkpatrick, omitting the 
initial carbol-fuchsin staining, was found one of the most useful of 
dry-film methods (figs. 6-10). It proved reliable in demonstrating 
capsules, except those of small size, and it displayed the capability, 
not mentioned by its authors, of demonstrating clearly the presence 
of loose slime. Indeed, the eosin-serum method and the wet-film 
India-ink method were the only satisfactory methods found for the 
demonstration of slime; the wet-film India-ink method has the 
advantage of showing the slime undried and unshrivelled, but for 
the inexperienced observer it is more difficult than the eosin-serum 
method. The eosin-serum method shows slime variously as a granular, 
fibrous or reticular deposit appearing somewhat lighter than the 
general eosin background. Figs. S and 9 show the slime and en¬ 
capsulated bacilli of a tj’ 3 )ical capsule-forming Bad. aerogenes strain 
(A 3); fig. 10 shows the slime and naked bacilli of an unusual Bact. 
aerogenes strain (N.C.T.C. 5936) wliich is slime-forming but non¬ 
capsulated. Fletcher (p. 103) described a similar demonstration of 
slime in his Congo-red preparations ; he stated that in a film of non- 
mucoid colonies “ the background of Congo-red is homogeneous, but 
in mucoid films it is traversed in all directions by an irregular reticulum 
composed of a deposit of small granules, which appears to be derived 
from mucilaginous matrix ”. 

Drg-jihn India-ink methods. Important advantages attend the 
use of India ink for relief demonstration of capsules; unlike the 
soluble background dyes, the particulate ink does not penetrate into 
the capsules, and it is not washed away when counterstaining 
bacterial bodies is attempted. FoUo^ving Burri (1909), dry-fito 
India-ink methods were described by Ruiison (1910), Gins (1910-1 ), 
Baker (1920) and Butt, Bonjmge and Joyce (1936). 
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Fias, 12 10, — Type-8 pnctimococctis. After 2-1 hr, at 35° C on stig^tir blood^agar. In tret films. 



Fig. 12 —^Hetorologoussenimttithmethylono Fio, 13 —Homologous antiserum with 
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Fio. 14.—Heterologous serum with nigrosm. Fio. 15 — Homologous antiserum with 
Capsule invisible. nigrosm. Capsule positively stamed. 




Fio. 16—^India ink. Wide capsule outside Fio. 17— S. megathertum. Capsules in wet 

cell surface halo India ink film. 


(Figs. 1247: X3750) 





DmiONSTRATION OF BACTERIAL CAPSULES m 

Bj’’ tho method of Butt, Bonjmgo and Jo 3 ’co, the culture is suspended 
in C per cent, {to/v) glucose solution in water and mixed nuth India 
ink ; a thin dim of this is dried, fixed with methyl alcohol and stained 
with aqueous method violet or other d>^o. In the present trial iliis 
method proved very reliable for capsules, consistently revealing those 
of pneumococcus, B. anlhracis and Bact. acrogenes ; on the other 
hand, it failed to demonstrate the loose* slime of Bad. aerogenes and 
Bact. coU strains. Capsulation is indicated by the presence of a clear 
space between the stained bacterium and the ink background. Some¬ 
times the capsule is faintly stained with the counterstain. When thus 
visible, it is seen occupying cither the whole of the capsular space or 
onl^" the inner part of this (as in fig. 11). In the latter case the capsule 
has continued to shrink inw’ards after setting of the ink background. 
As reported by Butt, Bonyngo and Joyce, the capsular spaces were 
found to be much smaller when the initial suspension in glucose 
solution w'as omitted, 

Odseuvations on ttnfixed wet tums 

When capsulatcd bacteria arc examined unfixed and unstained 
in a film of w'ater between slide and covcrglass, the capsules normally 
remain invisible. In the focal plane usually chosen, the outline of 
the bacterial coll, whether capsulated or not, appears as a narrow- 
dark band surrounded by a narrow bright band. These bands are 
refraction or diffraction halos produced by the cell surface and do 
not correspond to distinct surface structures. The bright halo, which 
may appear about 0*2 /z wide, must not be mistaken for a narrow 
capsule. 

Capsule-swelling rcadion. In the specific swelling reaction of 
Neufold (1902), the outlines of capsules in a wet film are made visible 
by the addition of homologous antiserum. Negative and positive 
“ swelling ” reactions for type-3 pneumococcus are shown in figs. 12 
and 13. The colls treated with antiserum bear capsules with refractile, 
clearly visible outlines (fig. 13); the cells not treated with antiserum 
show at their surface only the narrow diffraction halos, their capsules 
remaining invisible (fig. 12). The capsule is much wider than the 
surface diffraction halo, so that if the latter is mistaken for a narrow' 
capsule, it will appear that the action of the antiserum is to make tliis 
swell. Almost certainly, how'ever, the action of the antiserum is not 
to enlarge the capsule, but merely to render visible the outlines of a 
capsule which is already large. Klieneberger-Nobel in numerous 
teats never foimd antiserum to increase capsule size. This w'as 
confirmed in the present investigation ; cultures of tjq^es I, 2, 3 and 
19 pneumococcus did not show appreciably larger capsules in wet 
films with the homologous antiserum than in wet India-ink films 
without antiserum (c/. figs. 13 and 16). 

Non-specific ** capsule swelling in pneumococcus was obtained 
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by Neufeld and Etinger-Tulczynska (1931) through treatment with 
certain inorganic salts, and by Jacox (1947) through treatment with 
various proteins at 4. 

Vital staining of capsules. Knaysi stated that capsules are 
positively stained when a basic dye is added to an unfixed wet film. 
This was confirmed for Bad. aerogenes and the vitally stained capsules 
were illustrated in a previous paper (Duguid ; figs. 11, 13, 14 and 17). 
The capsules of pneumococcus were found less susceptible to vital 
staining ; for instance, they were not stained by the methylene blue 
in the wet film shown in fig, 12. 

Use of bachground dyes in wet films. Wet films were prepared of 
bacterial suspensions mixed with nigrosin or eosin to give a dark 
background. Usually these dyes infiltrated the whole capsule up to 
the edge of the cell, so that the capsule was as dark as the background 
and thus invisible. Fig. 14 shows type-3 pneumococcus in a wet 
nigrosin film; the narrow difiraction halo is visible at the coccal 
surface, but the large capsule is quite invisible. In a few cases onl}^, 
as with Bad. aerogenes grown on an excess-sugar medium, the capsule 
resisted entry of the nigrosin sufficiently for it to be somewhat lighter 
than the background and thus indistinctly visible. Loose slime could 
not be demonstrated in wet nigrosin or eosin films. 

Addition of homologous antiserum to pneumococci in nigrosin 
or eosin was found to result in heavy staining of the capsules so that 
these appeared darker than the surrounding fluid. Fig. 15 shows 
type-3 pneumococcus capsules positively stained in this way with 
nigrosin. These dyes are thus a valuable aid for demonstration of the 
swelling reaction 

Use of colloidal silver in wet films. Hamm suggested the use of 
CoUargol as preferable to India ink for relief demonstration of capsules 
in wet preparations. However, his illustration of Bacterium friedldnderi 
in CoUargol (Hamm : flg. 4) shows the capsules much less distinctty 
than would a weU-made India-ink film. In the present trial of several 
silver preparations, best results were obtained with a 40 per cent. 
(wjv) suspension of Argyrol (silver vitellin) in water, which was just 
coarse enough to appear particulate through the microscope; this 
showed capsules and slime in much the same way as India ink does, 
but it gave a lighter background and poorer contrast. The other, 
finer silver preparations had the fault, like nigrosin and eosin, of 
infiltrating the capsules and slime. 

The wet-film India4nh method. Because of its great opacity and 
the inability of its particles to penetrate the polysaccharide gel, 
India ink promdes an ideal backgrmmd for the rehef demonstration 
of capsules and slime in wet film s. Subsequent to its brief suggestion 
by Hamm, the wet-film India-inlc method wa« fully described by 
'Preisz (1911)y who used it for the capsule of B. anihracis. The method 
has since been used successfuUy to show the capsules of various species, 
for instance by Rowland (1914), Borin (1925) and Etmger-Tulcz 3 mska 
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(1932 33) Its use for demonstration of loose slimo has not hitherto 
been described 

The technique is simple and rapid, but perseverance is required 
for obtaining proper films The ink should bo dense, homogeneous 
and free from large particles or clumps of particles Coarse ink maj 
bo improved by vigorous shaking u ith small glass beads , the authoi s 
practice is to miv the mk u itU a quarter \ olumo of grade 12 (0 2 mm ) 
Ballotim and shako for an hour in a MicUo “ Tissue disintegrator 
Thin ink maj be improacd if conccntiated somewhat by e^apo^atlon 
A largo loopful of tho undiluted ink is placed on a clean slide Into 
this IS mixed either a small portion of colonj or a small loopful of the 
centrifuged deposit of a liquid culture ' a large number of bacteria 
must bo added, but the mk should bo diluted as littlo as possible 
A clean co\crglass is placed on the drop and pressed down under a 
pad of blotting paper Seaoial attempts maj be necessary m order 
to achieve a film of the pioper thiclvncss Tho ink film should be 
about tho same thickness as the capsulatcd bacteria, so that these 
are just hghtty gripped between the slide and covergHss If the filna 
is loft too thick, the bacteria will drift about in the field and will be 
obscured by the O’lerljmg mis. If tho film is pressed too thm, the 
capsules will be flattened, distorted and perhaps disintegrated 

The capsule appears as a clear light zone between the refractile 
cell outhno and tho dark ml*, background Tapical capsules, m the 
absence of loose shrac, are shoum in figs IG, 17, 19 20 and 21, for 
cultured tjpe 3 pneumococcus, Bacillus megathemm and Bact 
aerogenes Such capsules are fairlj regular in size and shape, have 
clear cut margins and show little tendency to coalo^^ce with ono 
another They are firm m consistency, and do not dismtcgrate or 
dissolve in tho ink when the wet film is kept for many hours In the 
centre of the capsule are seen the narrow bght and dark diffraction 
halos w Inch outline the surface of the bacterium itself The light halo 
sometimes has been mistaken for a special inner zone of tho capsule, 
for mstance, Etmger Tulczj nska in describing photographs of pneumo¬ 
coccus and Bact fncdlitnderi which resembled figs 16 and 21, gave 
tho name " capsule to tho narrow light halo at the coll surface and 
tho name ** slime layer ” to the wide capsule outside 

Non capsulatcd bacteria, typical Bact coh, are shown m fig 18 
These naked bacteria are not separated from the mk background 
by any definite clear space They show at their surface only the 
narrow light diffraction halo, which appears about 0 2 p, in width, 
hardly above the limit of resolution of the microscope In the 
absence of a clear zone which is definitely larger than this, bacteria 
should be designated ** non capsulatcd although the presence of a 
very narrow, submicroscopical capsule is never impossible Capsules 
of 0 23 0 5 p m radial width arc shown in fig 19 , these are 
about the smallest which can be recognised with certainty with the 
ordmary microscope Naked bactena may be difficult to see in India 
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ink; observation is easiest when large numbers are present in a 
very thin film. 

The wet-fihu India-ink method is especially suitable for the 
measurement of capsule size, since the capsules are not shrunlten by 
drying. Measurement is made vdth a micrometer in the microscope 
or from a photograph taken at known magnification. The funda¬ 
mental dimension is the radial thickness of the capsular layer {e.g. 
1-1-5 fj, for the cells in fig. 21); however, a more convenient measure¬ 
ment is the “ transverse capsule diameter ”, including the bacterium 
and the capsular layers on each side of it {e.g. 2-5-4 p, in fig. 21), 
undertaking capsule measurement it is particularly important to 
make films of the proper thiclmess; if the film is pressed too tliin, 
the capsules are flattened and exaggerated in apparent size (c/. figs. 21 
and 22). One must proceed by trial and error until achieving a film 
in which only the largest capsulated cells are gripped between slide 
and coverglass, while the smaller float about freely in the inlt. One 
use of capsule measurement is in studying the factors which influence 
the production of capsular polysaccharide {e.g. Duguid). Another 
use may be in the distinction of strains. Measurements were made 
on 37 capsulated Bact. aerogenes strains cultured for one day at 35° 0. 
on excess-sugar peptone agar. Most strains formed capsules of about 
the same size as that in fig. 21, but a few consistently formed larger 
or smaller capsules. The strain forming the smallest capsules is shown 
in fig. 19, and that forming the largest in fig. 20 ; the latter strain 
gave exceptionally stiff colonies. 

When it is desired to demonstrate loose slime as well as capsules, 
the film must be prepared from a surface culture on solid medium. 
If the film is prepared from a liquid culture or a liquid suspension 
of a surface culture, only the capsules are seen; the loose slinie^ is 
dispersed to give a uniform solution in the liquid, and as such it remains 
invisible. When examining for slime it is important to avoid crushing 
capsules by pressing the film too thin, since capsules may thus be 
disintegrated and fused into amorphous masses which simulate loose 
slime; this artefact is seen in fig. 22, a crushed film of the culture 
shown uncrushed in fig. 21. 

Many capsule-foaming bacteria produce an abundance of loose 
slime in addition to their capsules. All of 37 capsule-forming strains 
of Bact. aerogenes produced loose slime in cultures at 35° C. on excess- 
.sugar peptone agar; most strains produced much slime in 24-hom 
cultures; 5 strains produced little slime in 24 hours (figs- 19-21), 
but much in 2-7 day cultures. Tig. 23 shows a typical Bact. aerogenes 
culture with large capsules and abundant slime together. Aroun 
the bacilli are seen the typical clear capsular spaces, with regu ar 
oval shape and weU-defined margins. These are embedded in arge 
irregular masses of loose slime. The slime is partly i™ tra o 
overlaid by the ink, so that it appears darker than ' 

although still much lighter than the pure inlv background. cn 
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Fig 23 —Bact acrogenes (A3) BnciUi ■'Mth Inrge clear capsules and mucli loose elimo, 
somewhat darker than capsules After 7 days at C on cnccss sugar peptone 
agar 
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presence of capsules in addition to slime is not obvious, it is best 
confirmed by siispcndmg tho surface culture m water, centrifuging 
and examining tlie deposit, this mil sliow tho capsules alone, the 
slime having been v ashed an ay 

Many bacteria produce abundant slime m tho complete or almost 
complete absence of capsules Piirel} shme forming strains of Bad 
aerogenes and Bad coli are shovm in figs 2>i and 25 Large light 
areas are seen nliich correspond to masses of loose shme not jet 
dispersed and dissoh ed in the ink Bacilh arc embedded in this shme, 
widely and irregularly spaced (fig 24) Other bacilh, originally 
contained m shme which has alreadj^ dissoh ed in the mk, are now 
seen lying free and naked in tho ink small white rods m dark back¬ 
ground of figs 24 and 25 Capsules are not seen in these purely 
shme forming strains The absence of capsules is most easily confirmed 
by suspending tho surface culture m water, centrifuging and exaraming 
the deposit, only naked bacilh w ill be seen an this, the shme having 
been washed away 

Of 40 Bad aerogenes strains examined in w et India mk films, 
37 wore tj-pically capsule forming and 3 were purely shme formmg 
(A 217, NCTC 5936, 8173), these three were the only strains 
which were motile, and the motihty may well have played a part in 
loosening tho extracellular material and preaentmg its retention as 
capsules Variation, as from a capsulated to a non capsulated form, 
was not observed among these Bad aerogenes strains during 3 years 
of sub culturing on nutrient agar Of 52 type I Bad edit strains 
exammed in cultures on the excess sugar peptone agar, 8 strains, 
C motile and 2 non-mo tile, were shme formmg, producing abundant 
shme without capsules at 15 20° C , but none at 35° C , 2 strains, 
both non motile, were capsule-formmg, producing capsules and shme 
together both at 15 20° C and at 35° C , and the remaimng 42 strams 
formed neither capsules nor shme m any defimtelj’’ demonstrable 
amount On repeated subculture a few of these eventually gave 
nse to shme formmg variants Of 3 type-II Bad coli strains, none 
produced capsules or shme in appreciable amount Some cultures 
of type I Bad coh strains which were motile and shme formmg, 
con tamed a small proportion of colls bearmg capsules , such capsulated 
mdividuals were sometimes seen swimming about vigorously in the 
India-ink film In the mam, however, capsulation and motihty were 
not found together 


AND C0^CDDS10NS 

(1) A comparative trial was undertaken of the main methods foi 
demonstrating bacterial capsules and shme Most methods were 
found liable to frequent failure in demonstratmg capsules, and most 
methods failed altogether to demonstrate loose shme In particular, 
methods in\ olvmg drying and fixation often produced gross shrinlcage 
of the capsules and shme, so that these became unrecognisable 
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(2) Of the dry-film methods, the India-inlc method of Butt, Bonynge 
and Joyce was found the most reliable for capsules. The eosin-serum 
method of Howie and Kirkpatrick was found successful for capsules, 
■except those of small size, and in addition was one of the very few 
methods found capable of demonstrating loose slime. 

(3) The wet-film India-ink method was preferred to all others, 
.as the most reliable, informative and generally applicable ; it proved 
•consistently successful for capsules, even very small capsules, and 
for loose shme, showing these in their natural form and size without 
.shrinkage. A description is given of this method, and of its use for 
measurement of capsule size. 

(4) In an investigation by the wet-film India-ink method, 37 of 
40 strains of Bad. aerogenes were found to be capsule-forming and 
3 strains purely slime-forming. Of 55 Bact. coU strains, 2 were found 
to be capsule-forming, 8 slime-forming and 45 neither capsule-forming 
nor slime-forming to a clearly demonstrable extent. 

I wish to thank.Professor T. J. Mackie for his enconragement and advice, 
and I am indebted to Lliss M. J. MaoPherson and Miss M. C. Kelly for isolating 
and identifying the Bact. coli strains. 
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THE INCTDENCB AND PBOBABLE SIGNIFICANCE 
OF PHARYNGEAL INCLUSIOlSr BODIES, WITH 
SPECIAL REPERENCE TO THEIR PRESENCE IN 
NEW-BORN INFANTS 

G, B, Ludlam 

Pubtic Health Laboratory Servicer Nottingham 

(Plates CXIX akd OXX) 

During the investigation of an outbreak of pneumonia of suspected 
\iral origin among the infants of a maternity miit in Nottingham, 
eosinophil cytoplasmic inclusion bodies were found in smears from 
the throats not only of the infants with pneumonia but also regularly 
in the smears of tliroats of infant contacts and of infants in unaffected 
nurseries of the same hospital. These results were unexpected, for 
Adams and his colleagues (1942), although finding similar inclusion 
bodies in certain epidemics of neonatal pneumonia, obtained a very 
low incidence of the inclusions in control infants. Because of this 
discrepancy a careful study was made of smears from the infants in 
the nursery of another maternity unit in Nottingham and from the 
infants in a maternity hospital in Edinburgh. Smears were also 
made at another Edinburgh maternity hospital from infants imder 
two days old and at the time of birth from a few infants, some of 
whom were delivered by Csesarean section. Einally smears were taken 
from infants at the hospital in which the original epidemic of pneumonia 
had occurred, but about a year later, and this time smears were also 
taken from the throats of their mothers. 

A comparison has also been carried out on the relative incidence 
of inclusions in the throat and in the tongue in small groups of infants 
and adults. Sections of tongue from a few foetuses or infants dying 
within a few days of birth have also been examined. 

iMaterial and methods 

Collection of specimens. Swabs were taken from the back of the 
throat and either smears were made at once or the swabs were 
immersed in a small quantity of saline and after return to the 
laboratory smears were made from the centrifuge deposit. 

Staining methods. Careful heat fixation was found satisfactory 
for the smears. Tissues were fixed in 5 per cent, formalin. Mann’s 
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methj^l blue-eosin stain Tras used at first with fairly satisfactory 
results but later, after experimenting with a number of recognised 
stains for inclusion bodies, Lendrum’s phloxin-tartrazine method 
(1947) was found to be the most satisfactory and was adopted as a 
routine. The nigrosin teclinique described by Broadhurst et al. (1936) 
but without counterstain gave good results and was used during part 
of the investigation in parallel with Lendrum’s stain. 

Microscopy. The 1/6 in. objective and a low-power ocular were 
found to be the most useful for routine examination of smears. The 
1/12 in. objective was used mainlj^ for checking doubtful findings and 
studying details of morphology. 

Bindings 

Appearance of inclusion bodies 

Smears. Cytoplasmic inclusions are found in squamous epithelial 
cells in smears of the pharjmx or buccal cavity. Apart from the 
inclusions the affected ceils usually appear quite normal. The inclusions 
in a cell vary in number from one to over 20 and are of greatly varying 
size (fig. 1). Several inclusions in a cell are commoner than a single 
one. Tig. 2 shows a typical appearance. When smears contain few 
affected cells the number of inclusions in a cell appear to be on the 
average fewer than in smears in which inclusions are common. When 
inclusiohs are abundant it is noticeable that the distribution may 
be very irregular, some epithelial sheets consisting of cells ah. heavily 
affected (fig. 4) while neighbouring sheets of cells may be practically 
free of inclusions. 

The inclusions vary in size from granules less than 1 p. in diameter 
to bodies of about 6 p diameter, but inclusions larger than 3 or 4 p 
are uncommon. The inclusions are usually round but, particularly 
when large, they may be oval or elongated. They may be found in 
any part of the cell, but the larger ones tend to be near the nucleus, 
which thej>- may indent (figs. 1 and 5). A characteristic appearance 
is that of two inclusions of moderate size on opposite sides^ of the 
nucleus (fig. 3). It has not usually been possible to distinguish any 
structure in the inclusions, but a surrounding halo is sometimes seen, 
or a clear space in the centre of the inclusion. 

The inclusions are moderately eosinophil and fuchsinophil and 
stain with hEematoxytin, 1 per cent, nigrosin (technique of Broadhurst 
ef al., 1936), methylene blue, and Giemsa’s stain. They a-re Gram¬ 
negative, give a negative Feulgen reaction and do not stain by t ie 
periodic acid-Schiff technique or with Sudan black B. The stam 
giving the most reliable results has been Lendrum’s phloxin-tartrazme. 
By this method the inclusions usuall}^' stain a deep red, but 
may be considerable variation in the intensity of staining. i ^ 
Broadhurst’s nigrosin method the inclusions stain all shades om 
light grey to deep black. When incubated with tiypsin or pepsin 
the inclusions disintegrate and become imstainable. 



7 PATH nACT--^oI. ixrri 


Pz.ATr CXIX 


PnMtY^orAj. rvctt7Sjos bootes 



Tio 1 —PharyngCT.! sinc'vr fr^m 
eleven tiny old infant sliowing 
an epjtjieljol cellTritli numcrons 
inclusion*?, including n largo ono 
indenting tbo nuclcu^r Acid 
li*ema3um phlOMn tnrtrazme 
XC50 


r/o - —Pharyngeal smeor from 
new bom infant shovvuig 
characteristic appoarancQ of 
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With some experience the inclusions can also be seen in i^et 
unstained preparations as rounded bodies resemblmg the cell nucleus 
in refractn ity and density By pressure on the co\ ershp it is some 
times possible to roll an inclusion 

Sections Sections of tongues, stained Lcndrum’s phloxin 
tartrazme technique, ha\o been examined from stillborn fcetuses of 
IG ueelvS, 2S i\eelvs and 30 Meeks and from one stillborn infant a few 
Meeks premature Tongue tissues from tuo infants dying a fen 
■days after birth ha^ o also been examined In the 16 week foetus no 
inclusions could be seen in the lingual epithelium, but m the other 
foetuses and infants some inclusions, similar in appearance to those 
found in smears, were present in some of the most superficial epithelial 
cells The inclusions Mere least numerous in the 28 Meek and 30 Meek 
foetuses Fig G shows the characteristic appearances and situations 
of the inclusions 


Incidence oj inclusions 

Altogether oier 100 healthy babies have been SMabbed Samples 
Mere taken m two hospitals in Nottingham and two m Edinburgh 
The ages of these infants varied from the time of birth to 11 daj^s 
Nino infants were swabbed at birth, 6 of them following Csesarean 

Table I 


Incidence of cells containing inclusion bodies in 
four groups of new bom infants 


Hospital 

Total 

infants 

Ho of infants In each Incidence group • 

0 

± 


+ + 

+ + + 

Pharyngeal smears 







A {Nottingham) 

18 

0 

2 

6 

3 

7 

B (Nottmgham) 

21 

0 

5 

4 

5 

7 

C (Edinburgh) 

16 

0 

3 

3 

5 

5 

Total 

55 

0 

10 

13 

13 

19 




18 2 

23 6 

23 6 

34 5 




(per cent) 

(per cent) 

(per cent) 

(per cent) 

Tongue smears 







A (Nottmgham) 

27 1 

0 

1 

1 

8 

17 


1 


3 7 

3 7 

29 6 

63 0 

1 ^ 

1 

J 

(per cent) 

(per cent) 

(per cent) 

1 (per cent ) 


• 0 = <1 per cent of cells affected ± = 1 5 per cent + = C 10 per cent ++ = 11 20 per 
cent + -f + « over 20 per cent 


section In all the infants, includmg those dehvered by Caesarean 
section, inclusion bodies have been found in \arjang proportions of 
the phaijngeal epithelial cells An attempt Mas made to determine 
the percentage of cells affected m each smear, but it was not possible 
to obtain accurate figures owing to the irregular distribution of the 
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affected cells and to the frequent occurrence of the cells in sheets or 
clumps. However, the children were grouped according to the 
percentage of cells affected—under 1 per cent., 1-5 per cent., 6-10 per 
cent., 11-20 per cent, and over 20 per cent, of the epithelial cells 
affected. The results gave a fairly good indication of the variation 
in incidence from infant to infant. Table I shows that there is no 
great variation in the incidence of inclusions in children in different 
hospitals but emphasises the wide variations that may occur from 
infant to mfant. It also shows the higher incidence of inclusions in 
tongue smears. In 8 infants smears were taken on two or more 
occasions; it was found that each infant tended to maintain about 
the same incidence of affected cells over the period of observation, 
but some exceptions occurred. 

To determine whether there was any relation between the presence 
of inclusion bodies in the mother and her infant, a group of mothers 
and babies were swabbed and table II shows the results. It ^vill be 

TABm n 


Incidence of pharyngeal epithelial cells containing inclusion bodies in 
a group of infants and their mothers 


Infant 

Age (days) 

Incidence of inclusions 
in infant * 

Incidence of inclusions 
in mother * 

1 

9 

± 

± 

2 

9 

± 

± 

3 

10 


4- 

4 

11 



5 

U 

-F-b 

-b+ 

6 

8/24 



7 

7 

+ 

± 

8 

8 

4- 

± 

9a 

8 

4" 4" 4“ 

4-4- 

9& 

8 

+ 4- 

4-4- 

10 

8 

4-4- 


11 

5 

4-4- 

i ^ 

12 

3 

4-4-4- 


13 1 

6 

4-4-4- 

1 ± 

14 1 

8 

4-4-4- 

± 

15 

3 

4-4-4- 


16 1 

6 

4-4-4- 


17 

6 

4-4-4- 

0 


* 0 = 0 in 300 cells; ± = under 6 per cent.; + = 6-10 per cent.; -f-f <= 11-20 per cent.; 
+ + + == over 20 per cent. 


seen that inclusions were much scarcer in the mother and there is no 
clear evidence of relationship between the number of affected cells in 
mother and infant. - 

Table III shows the relative incidence of inclusions in ttooat and 
tongue of groups of infants. There is a distinctly higher incidence 
in the tongue than the throat. Examinations made in a group o 
12 adults gave similar findings, the mean percentage of affected ce s 
in smears from the throat being fi'3 and from the tongue 13*0. 
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Discussion 

Cytoplasmic inclusion bodies in the pharyngeal epithelium from 
cases of neonatal pneumonitis linvo been described by Adams and his 
colleagues (1942, 1948a, 19486) and in adults, often associated rrith 
mild upper respiratory tract infection, by Broadhurst and her co- 

Table m 


Incidence of cells containing indusion bodies in smears from 
mouth and throat in 16 new-born infants 


Infant 

Alfcctod cell-;—throat 

(per cent) 

Affected cells—tongue 
(per cent) 

1 

6 

18 

2 

S 

24 

3 

0 

17 

4 

9 

34 

5 

10 

9 

G 

10 

21 

7 

10 

25 

8 

11 

18 

0 

12 

41 

10 

13 

4 

11 

15 

20 

12 

15 

31 

13 

IS 

1 

14 

20 

' 51 

16 

28 

31 


Moan = 12 9 

24 0 


100 cells examined in each smear 


Trorkers (1936, 1943) and by de Borardinis (1948). These workers 
have been inclined to regard the inclusions as evidence of virus infection 
and Broadhurst and her colleagues (1938) claim to have infected 
monkeys, chick embryos and tissue cultures with material (including 
filtrates) from ” carriers **. 

The inclusions described by these workers are indistinguishable 
in size, shape and staining characteristics from those found in the 
present investigation and it seems highly probable that they have the 
same origin. They have, however, been found not only in aU infants 
examined but also in infanta at birth delivered either by Cajsarean 
section or naturally, and in stillborn infants whether premature or 
full term. They have also been found in 31 of 32 adults examined. 
Sections show these inclusions in the most superficial epithelial layers 
of the mucous membrane, usually with a patchy distribution. These 
results indicate that a viral origin for the inclusions is very improbable, 
for this would imply a universal prenatal infection of infants, limited 
to the most superficial layers of stratified epithelium. Moreover a 
satisfactory alternative explanation is available. 

The cells of the siraiim gramilosim of the skin contain large numbers 
of granules (keratohyalin) and a few are also found in the most super- 
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ficial cells of the Malpigliian layer. These granules stain in the same 
way as the inclusion bodies under discussion. It is probablj^ significant 
that MaUory (1938) refers to a nigrosin technique for staining these 
granules and nigrosin has also been found useful for the pliarjmgeal 
inclusions. In the mouth and throat the straUm cornmm is normally 
absent and a rudimentary stratum grannlosicm lies close to the surface. 
It seems probable that the cells found in smears to contain inclusions 
come from this la 3 ’^er. 

Ludford (1924-25) claimed that in the Malpighian la 3 ^er of mouse 
skin the nucleoli were extruded into the cytoplasm where they swelled 
and fragmented to form keratoh 3 ^alin granules. The earliest change 
described by Ludford was the appearance of one or two nucleolar 
extrusions in the cytoplasm close to the nucleus, sometimes con¬ 
spicuously indenting the nucleus. These appearances correspond ver 3 ^ 
closely to those found in tongue smears. The nucleoli show the same 
staining characters as the inclusions. It would seem reasonable to 
explain the inclusions as an early stage in the formation of kerato- 
liyalin possibly resulting from nucleolar extrusion. 

With regard to the reported finding of inclusions in chick embr 3 ^os 
and tissue cultures inoculated with throat material it ma 5 ’' be noted ^ 
that Goldsworth 3 ’' and Moppett (1935) and D’Auno 3 ^ and Evans (1937) 
have described inclusions in chorio-allantoic membranes not inoculated 
with viruses. Drew (1922) found that embryo sldn cultures after 
5-6 da 3 ’'s began to show signs of keratinisation and Lems (1922) 
described nucleolar extrusions in old tissue cultures of endothelial 
cells. Pischmann and Russell (1940) also described intra-nuclear 
inclusions developing in tissue cultures of human foetal leptomenmges 
and in fibroblast cultures from human foetal lungs. In some preliminar}^ 
tissue cultures carried out in the present work large spherical inclusions, 
one or two to a cell, were found in some of the cells of rabbit corneal 
epithelium after 7 daj^s’ tissue culture. These various reports suggest 
therefore that inclusions such as those described h 3 ’’ Broadliurst in 
tissue cultures are to be found in normal cells. 

SUiSiJMAiiy 

1. Cjdoplasmic inclusion bodies have been found in the squamous 
epithelium of the mouth and throat of all new-born infants examine 
(over 100). Tho}^ were also found in premature stillbirths and m 
live infants at the time of birth delivered naturally or b}" Caesarean 
section. 

2. Histological examination showed that the inclusions were 
confined to cells in the most superficial la 3 'ers of the mucous mem wane. 

3. The inclusions were found in 31 out of 32 adults, but m nine i 

smaller numbers, . . , . . 

4. There is no relation between the numbers of inclusion. 

in mother and new-born infant. 



prahynoeal inclusion bodies 


(m 

5, The inclusions arc more numerous in tongue smears than in throat 
smears and in adults it ma}’’ be difficult to find them in the throat. 

G. These results differ from those of previous workers who found 
inclusions in a limited number of infants or adults and related their 
incidence to the presence of neonatal pneumonitis or, in adults, to 
mild upper respiratory tract infection. 

7. Reasons are given for suggesting that the inclusions are derived 
from nucleolar extrusions produced at an early stage in the natural 
ageing of the epithelial coll and ma 3 ’' be regarded ns an earlj’' stage in 
kcratolij’'alin production. 

I wish to express ray inclobtednoss to Rr A. P. M. Pogo for drawing rpy 
attention to the pneumonia opidomic that initiated this investigation and to 
thank Dr J. B. Cochrane, Professor Richard Ellis and Dr Jlary I. Gibson for 
allowing access to clinical material, and to Dr Agnes IMcGrogor for sending 
autopsy matorial, Tlianlis are also duo to Professor T. J, IStacldo for providing 
laboratory facilities during part of this investigation and to Dr R. G. Mitchell 
for obtaining smears from babies at Ca?sarean section, I also wish to expr<?s^ 
n^y appreciation of tlio skill of Jlr T. C. Dodds of Edinburgh TJniveraity Pathology 
Department, who is responsible for tho photographs, with tho exception of 
fig. 6 for which I have to thank Mr P. H. Jolmson of Nottingham. 

REFERENCES 

Adams, J. IM. 1948a. Amcr, J, Dis. Ohildr.^ Ixxv, 544. 

„ . 19486. J". Amcr. Med. Assoc., cxxxviu, 

1142. 

Adasis, j. M., Gjieen, R. G., 1942. J. Pediatr., xx, 405. 

Evans, C. A., and Beach, N. 

DE Bekahdjnis, C. 1948. Arch. Path., xlv, 360. 

Broadhtthst, Jean, Cameron, 1938. J. Inf. Dis.. Ixii, 21. 

Gladys, and Taylor, Inez 

Broadiujrst, Jean, Lodno, 1936. Ibid., Iviii, 134, 

Rosamond 51., IMaclean, 
jMargaret E., and Taylor, 

Inez 

BnoADHimsT, Jean, Maclean, 1943. Ibid., Ixxiii, 195. 

Estelle, and Taylor, Inez 

D'AtTNOy, R., AND Evans, 1937. This Jownzal, xliv, 369. 

Florence L. 

Drew, A. H. 1922. Brit. J. Exp. Path., iii, 20. 

FiscHirANN, Catherine F., and 1940. This Journal, 1, 63. 

Russell, Dorothy S. 

Goldsworthy, N. E., and 1935. This Journal, xli, 629. 


Moppett, W. 

Lendrum, A. C. 1947. This Journal, lix, 399. 

Lewis, W. H.fS22. Ainer. J. Anat., xxx, 39, 

Ludford, R. j. 1924-26. Quart. J. Micros. Sci., Ixix, 27. 

]Maixory, F. B. 1938. Pathological technique, Philadelphia^ 

and London, p. 260. 








576.8o9.72 : 576.851.46 (jET. influenzce ) 

THE OCCURRENCE OF TWO DISTINCT CAPSULAR 
ANTIGENS IN H, INFLUENZA TYPE e STRAINS 

G. ' M . AVilliamson and IC. Zinnesiann 

Department of Bacteriology, School of Medicine, Leeds 

In November-Decomber 1948 six capsulated strains of Hccmophilus 
iitfluaizcc, requiring both the X and Y factors, gro\\’ing as mucoid 
colonics and showing iridescence on Lcvinthal agar plates, were 
isolated from pomasal swabs of cliildrpn suspected of having whooping 
cough, and found to be untypablo uith tho six specific typo antisera 
a-f prepared in this department in 1942. All six typo antisera were 
ro-tosted with the stock strains of these six 3. injluenzm types and 
found to give a specific precipito-agglutination with tho homologous 
strain using tho slide and tube agglutination tests as carried out in 
this department (Allison, Gordon and Zinnomann, 1943), as well as 
producing a specific " capsule swelUng or Neufeld effect. 

It was thought at first that a hitherto unknown tj"pe had been 
isofateci. However, when tho strains wore tested with a set of antisera 
made in the Commonwealth Serum Laboratories, Melbourne, Australia, 
it was found that the Australian type e antiserum agglutinated th^se 
strains and our stock type o strain. This discrepancy seemed worthy 
of investigation as with our o’wn typo 0 antiserum we had been able 
to identify one other typo 0 strain from a similar case during the same 
period. 

Expeeimental 

Accordingly, two rabbits were immunised with two of the freshly 
isolated strains (Ho. and Ib.) and after titres of 1 in 320 and 1 in iGO 
respectively were attained tho rabbits were bled and the sera pooled. 
All six strains as well as the type e stock strain gave a precipito- 
agglutination with this new antiserum, labelled hereafter HI; our 
original typo 0 antiserum mil be referred to as e 1942. In the tube 
agglutination tests these same seven strains gave a precipito-agglutina- 
tion in serum dilutions of 1 in 80, with marked disc formation in the 
1 in 10 and 1 in 20 dilutions. Table I shows the results of the cross 
Neufeld testa, 

Tlie cross Neufold reactions suggested that the six newly isolated 
strains possessed an antigen component, probably on the surface, 
whicli was absent in the stock type e strain, and that the corresponding 
antibody was absent in our type c 1942 antiserum. To confirm tlua 
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supposition the e 1942 antiserum '^ras absorbed 'rith the Ib. strain ' 
of the freshly isolated gi'oup and the HI antiserum absorbed with 
our stock tj^e e H. inflnenzce strain* The absorbed antisera were 

Table I 


Gross Ncxzfcid tests with six freshly isolated and stock 
type e H. influenza strains 


Strain 

e 1942 antiserum 

Slel bourne type e 
an Us emm 

HI antiserum 

Ba. . . . 

0 

2 + 

3 + 

Ga. 

0 

1*7" 

34- 

1 He. 

0 

2+ 

3+ 

Ib. . . . 

0 

1 + 

34- 

Ma. . . . 

0 

2-^ 

34- 

Me. . . . 

0 

i 2*1 

1 34- 

Stock e . 

3 + 

1 2-h 

34- 


3+ = capsular diametar twice bacterial ividth, 2-|- = capsular diameter equal 
to bacterial width. 1-f == capsule visible but diameter less than bacterial width. 
0 = no capsule visible. 


then tested against five of the fi’eshl}’' isolated strains—one of the 
six strains having meanwhile passed into the rough phase—against 
four similar strains isolated dmdng the course of the investigation, 
and against the stock tj^-pe e strain. 

The e 1942 antiserum was completely absorbed by the Ib. strain 
and gave after absorption no precipito-agglutinations with am’’ strain 
tested in serum dilutions greater than 1 in 10. The HI antiserum 


Table II 

Precipito-agglutination litres of HI antiserum absorbed 
with stock type c strain 


1 Strain 

Dilution of absorbed HI antiserum 

1:10 

1:20 

1:40 

- . 

1:S0 

1:160 

1:320 

Ba. 

• 

34- 

34- 

(+) 


0 

0 

Ga. 

• 

34- 

34- 

24- 


0 

0 

Ib. 


14- 

14- 

14- 

1 + 

1 + 

0 

Ma. 


l-f 

24- 

24- 


0 

0 

Me. 


2-i- 

2 a 

14- 

14- 

0 

0 

Jo. 


24- 

34- 

24- 


0 

0 

5S92 . 


34- ; 

34- : 



0 

0 

Bl. 


34- ' 

34- ; 

14- 


0 

0 

I0I6S . 


34- 

34- 1 

14- 

0 

0 

0 

Stock e 


0 1 

1 

0 

0 

0 

0 

u 


3-1- zr: disc formation tit bottom of tube. 2-r — largo floccules, 1 , 
iloccules. (-r) = granules. 0 = no ngglutination. 


absorbed with tlie tv^pe c stock strain gave well marked though reduccf 
precipito-agglutination titres with the freshly isolated strains, hut no 
with the stock type e strain, as shown in table IT. 






























CAPSULAH ANTIGENS OF H. IXFLXJEXZ^ CO7 

Tlio HI antiscrum absorbed with the stock t^^pe 0 strain gave 
** capsule swelling” 1 + ''dth the freshly isolated group of straiijs 
but not with the stock type 0 strain. The e 1942 antiserum absorbed 
with the Tb. strain gave no visible Neufcld reaction with either the 
freshlj'- isolated group of strains or the stock 437)0 e strain. 

The question then arose whether a somatic antigen was perhaps 
involved in tlic phenomenon observed. Fortunately’ an antiseriuii 
against the He. strain in the capsulated phase had been prepared 
before the strain passed into the non-capsulated phase. This serinn 
also constituted one of t!ie two components in the pooled HI antisennn. 
This Ho. antiserum when absorbed witli the non-capsulated He. strain 
continued to give a precipito-agglutination to titre with the freshly 
isolated strains. IVlien further absorbed with 437)0 e stock strain this 
twice absorbed serum w'as found not to differ from tlio HI antiserum 
absorbed with 43770 e stock strain. TJicre can be little doubt that 
the freshl 3 ’’ isolated strains possessed a capsular antigen component 
additional to the one present in our stock strain. 

Discussion 

A similar observation had been made earlier b 3 ' one of us, wheji 
a mucoid H, injltienzcc strain isolated from a bronchial secretion 
could not bo t 37 )ed at first, but gave a ver 3 ' w’eU-dcfined and specific 
precipito-agglutination with our e 1942 antiserum after subculture 
on cliocolate agar for some time. As the significance of this isolated 
observation was not lealised at the time the strain was reported as 
43770 e without giving 003 ’’ further details (Allison et al.). This observa¬ 
tion was made when the 0 1942 antiserum had been newiy prepared, 
and indicates that the absence of the additional antibody” in the o 
1942 antiserum in the y^ear 1950-51 is not due to a slow” deterioration 
of the scrum during the course of years. It seems probable, though, 
that this strain lost the additional antigen during prolonged sub¬ 
culture on laboratory media and that tliis change eventually” enabled 
us to determine the strain as 437)6 e. 

There are some isolated references in the literature to unt 37 >able 
strains (Straker, 1945 ; Smith, Wilson and Hodes, 1946 ; Weinstein, 
1946). Neither Straker nor Weinstein appears to have had a complete 
set of type antisera. It is clear, howuver, that Smith et al. did have 
a complete sot; one may’’ speculate whether their strain was a non¬ 
capsulated one or whether our observations explain their failure t(> 
437)6 it. 

The ten freshly isolated type e strains in w'hich the additional 
antigen was observed grew as very mucoid colonies and wdth tho 
exception of one strain have retained this characteristic for more than 
two years. During this time the precaution w’as taken to subculture 
on thick chocolate agar plates and in defibrinated rabbit’s blood. 
The exception referred to W’as strain He., which passed into the rough 



€98 


Q. M. WILLIAM80N AND IC ZINNEMANN 


phase before completion of tliis investigation. It has not been possible 
to obtain reversion of this strain into the smooth phase by twelve 
consecutive subcultures in 10 per cent. anti-R-serum-Levinthahbroth. 
The stock H. infliienzce type e strain corresponding to the e 1942 
antiserum has varied between a smooth, not very mucoid and an 
excessively mucoid phase and vice-versa. In both phases precipito- 
agglutination and “ capsule swelling ” were obtained with the e 1942 
antiserum. This behaviour would appear to rule out the loss of an 
antigen component peculiar to the mucoid phase. The M— 
variation postulated by Chandler et aL (1939) obviously does not 
play any part in the phenomenon observed. 

It remains to label the two distinct capsular antigens. As the 
antigen present in the freshly isolated strains is probably the more 
superficial one we propose to designate this the H. influenzoe type e 
antigen 1 For the antigen observed in the stock strain and apparently 
also present in a deeper layer of the freshly isolated strains we suggest 
the name H. influenzce tj^e e antigen 2 ”, Thus strains may be 
found which possess both the e 1 and e 2 capsular antigens (our freshly 
isolated strains) and others which possess only the e 2 capsular antigen 
(our stock type e strain). 

The type e stock strain and the strain Ib. have been deposited with the 
National Collection of Type Cultures, and have been given the numbers N.C.T.C. 
8456 and N.C.T.C. 8466 respectively. 


StTMMABY 

Two distinct capsular H. influenzce antigen components have been 
demonstrated, one (e 2) in a stock tjqDe e strain, and the same, together 
with an additional and more superficial antigen (e 1), in some freshly 
isolated strains of type e H. influenzce. 

We should like to express our gratitude to Dr E. A. North for the gift of 
specific H, influenzce antisera types a-f prepared in the Commonwealth Serum 
Laboratories, Melbourne, Australia. Our thanks are also due to I\Irs B, Dawson 
and Dr J. W. Czekalowski for the strains isolated from whooping-cough suspects. 
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EENAL LESIONS IN PYEIDOXIN DEFICIENT 
RATS 

L R C Agnew * 

From The Ronett Fcsearch InstitxUe^ Bi/cA,56«m, Aberdeenshire 
(Plates CXXI akd CXXII) 

Dctrieq studies oa antibody production in pjTidoxin deficient rats 
(Agnew and Cook, 1948 49), severe hoematuna was obser\ed in several 
animals given a pyridoxin deficient diet but not in correspondmg 
fitter mates fed the complete diet either in reduced amount (paired 
weighed) or ad libiUnn A detailed study (Agnow, 1949) was made 
of the mcidonce, duration and seventy of the hieraaturia, smee only 
Birch (1938) and Corecedo and Foy (1944) have commented on this 
subject This paper describes tho renal lesions which were observed 
in most of the rats that had developed hasmaturia 

Methods 

The animals used were (1) hooded Lister rats (Rowetfc Institute strain)* 
and (2) albmo rats obtained from the Agricultural Research Council Field 
Station, Compton, these were originally bred by Glaxo Laboratories Ltd 
from brother sister matmgs of Wistar rats Each experiment m the present 
senes mvolved the use of several tnos of litter mate weanlmg rats of the same 
sex and approximately the same Tveight (table I), each tno of animals being 
arranged thus 

rat no 1 (normal control) receued unlimited amounts of tho experimental 
diet with all vitamm supplements , 

rat no 2 (pjnridoxm deficient) received the diet ad lib with all vitamin 
supplements except pyridoxin, 

rat no 3 (monition control) was paired weighed with rat no 2 but was given 
pyridoxm i c it received tlio amount of diet required to keep it equal m 
weight to rat no 2 

The synthetic diet contamed vitamm free casern, sucrose, fat, salts and purified 
vitamins (see Agnew and Cook) The animals were housed m mdividual cages 
with wide wire screened bases , they had unlimited access to water and were 
weighed daily, except on Sundays 

Experiment 1 short term deficiency (53 days) Seven trios of litter mate 
hooded rats were used, four of males and three of females These rats had been 
used m studies on antibody production (Agnew and Cook) and each had received 
an mtrapentoneal mjection of 2 ml of a formolised suspension (“ H ” antigen) 
of Bact typhosum (stram Kasauli) on the 43rd day of the experiment 


* Now McGhie Cancer Research Scholar, Royal Infirmary, Glasgow 
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Experiments 2-5 : long4erm deficiency (79-175 days). Seventeen trios of 
litter-mate hooded rats were arranged in dietary groups as shown in table I. 
The reasons for using different fats in experiments 3 and 4 are indicated on p. 702 
-of this communication and more fully discussed by Agnew. 

Table I 


Flan of experiments 


\ 

Experiment 

no.* 

Strain of rat 

Xo. 

Trios examined 

Sex 

Fat ti‘?ed t (5 per cent, of 
synthetic diet) 

Male 

Female 

1 

Lister, hooded 


4 

3 

Margarine 

2 



2 

3 


3 


6 

3 

3 

Lard 

4 

„ 

6 

3 

3 

IMargarine plus linoleic 






acid (0*75 per cent.) 

5 

Wistar, albino 

6 

3 

. 

3 

lUargarine 


* Experiment 1 lasted 53 days t.c, short-term pyridoxin deficiency; experiments 2-5 lasted from 
79-175 days ix. long-term pyridoxin deficiency, 

t Different fats were used in experiments 3 and 4 for reasons stated in the text and fully discussed in 
the pvaper by Agnew, 

After the rats died, or were killed mth coal gas, the heart and kidneys were 
weighed, fixed in 10 per cent, formol-saline or Holly’s fluid, and paraffin sections, 
4-6 y. in thicloiess, were stained with Harris’s hiematoxylm and eosin. Several 
kidney sections were also stained by IMasson’s triclxrome method, Weigert’s 
fibrin stain, von Kossa’s silver nitrate method for calcium, and the periodic 
acid-Schiff method. 

Detection of hcematuria. A simple, rapid method devised for the examination 
•of urines for red blood cells has already been fully described (Agnew, 1949, 
p. 219). Filter paper was placed below the cage where urine would fall on it. 
The paper was examined for blood by the naked eye and by the benzidine 
reaction. If this was positive a sample of urine was collected for microscopic 
examination. A negative benzidine reaction was regarded as proof that the 
urine did not contain blood. 


Results 

Experiment 1 (short-term deficiency). Haematuria was observed in 
4 of the 7 p 3 Tidoxm‘deficient rats shortly before they and the corres¬ 
ponding controls were killed on the 53rd day of the experiment. 
Hsematuria was not observed in any of the control rats. Macro- 
scopically, the Iddneys of the pyridoxin-deficient rats appeared normal- 
j\Iicroscopically, however, abundant deposits of amorphous, faintly 
•eosinophilic material were present in the stibcapsular spaces of 5 of 
the 7 pyridoxin-deficient rats. From 25-50 per cent, of tho subcapsular 
spaces were involved in 2 of these rats, and about 10 per cent, in t le 
remaining 3 rats. Only in one of the 7 inanition control rats were 
comparable deposits seen, about 10 per cent, of subcapsular spaces 
being affected ; in this animal several red cells were present in a 
of the tubules of the renal papilla. Reduced intake of food may 
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render a rat more than noimall> sonslt^^ e to lack of p^nidoMn (Agnew, 
1049, p 230), and it is po«;&ible that p^Tidoxin deficiency may have 
been brouglit about in some iniknouii m ay in this animal Hfematuria 
v\as not obscr\od in this animal but it could have been missed if it 
began only a few hours before death 

Fig 1 suggests that the subcapsular material is derived from 
blood that has leaked through the glomerulus Red colls were not, 
lioucvor, obsciied in the subcapsular spaces, and examination of one 
oi tv\o sections viith Weigert^s fibnn stain indicated that the deposits 
viere not fibrin The deposits ivere not birefnngont The material 
seems to pass mto the proximal tubulo (fig 1) and thence through 
the entire nephron In tins short term oxponment, these subcapsular 
deposits were the only obi lous renal lesions, apart from the red cells 
in the tubules of the one inamtion control already mentioned Thus, 
tlio earliest lesion in a pyridoxin deficient rat ivath lircmaturia appears 
to be one affecting the glomerular filter, and this lesion may be 
responsible for the amorphous material found in the subcapsular 
spaces, and the red cells found in the nnne 

Four of the 5 pyridoxin deficient rats whose kidneys showed 
subcapsular deposits developed hiematiina The hrematunas observed, 
however, were of recent origin and Inematuna occurrmg undetected 
a few hours before death may have been the explanation of tins 
apparent discrcpanc 3 ^ 

Experiments 2 5 {Jong term deficiency) Macroscopically, scarrmg 
and pittmg were observed in the kidneys of several of the pyridoxm- 
deficient hooded rats that had protracted h^matuna (table H, 
experiments 2 4) These lesions were not seen m the kidneys of the 

Table II 


Incidence and duration of haematuna and of naked eye renal lesions 
tn pyndoxin deficient rats of experiments 2 6 


Lxpt 

no 

Strain 
of rat 

Incidence of J imatuna 

Duration < f I teraaturia 
(dajs) 

Incidence of naked eje 
renal lesions 

No with 

1 aiinaturla 

No of 
pj n toxin 
defleient 
rat's 

llanfec 

Vntt metic 
mean 

No with 
lesions 

No of 
pyndoxin 
defleient 
rats 


Lister, 

5 

0 

7 147 

92 

4 

5 

} 

hooded 







3 


G 

0 

71 116 

98 

1 

C 

4 


G 

G 

2 61 

35 

4 

6 

5 

Wistor, 

0 1 

6 



0 

6 


albino 







Totals for Lister 

17 

' 17 



i ® 

17 

hooded rots 

100 per cent 

1 

1 1 

i 


1 53 per cent j 



p 3 Tidoxm deficient albino rats (table II, experiment 5) Deposition 
of yellowish cretaceous material at the tip of the renal papilla was 
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noted in a few instances, and this was verified histologically* Hydro¬ 
nephrosis was noted in one rat* Possibly the hydronephrosis resulted 
from partial or intermittent obstruction of the ureter by a piece of 
this material. The affected kidney was large and pale, and clear 
fluid escaped from the greatly dilated pelvis when the kidney was 
sliced. Scarring was not observed in any of the control rats except 
in 2 of the ad lib. control rats that had received a linoleic acid supple¬ 
ment (table I, experiment 4). Both of these rats and 3 others given 
the linoleic acid supplement developed severe hsematuria and renal 
lesions similar to those described below. It is likely that the supple¬ 
ment of crude linoleic acid had a toxic effect on the animals, or adversely 
affected the pyridoxin content of the diet. These possibilities are 
more fuUy discussed by Agnew. 

i\Iicroscopically, examination of the scarred and pitted Iddneys 
confirmed the suspicion that the naked“e37e appearance was the 
result of fibrosis. In the kidneys without macroscopic lesions, however, 
areas of early fibrosis were seen. Slore severe fibrosis, ivith tubular 
dilatation, is shown in fig. 2, Areas of tubular dilatation unassociated 
with obvious fibrosis were present in a few kidnej^s, and fig. 3 shows 
an example of this in the medulla. Tubular dilatation without 
associated fibrosis may have been caused hy tubular atrophy. Another 
possibility is distal obstruction, especially as “ calcification ”, 
deposition in or arotmd the kidnej’’ tubules of cretaceous material 
characteristically stained by h 0 ematox 5 ^Lin and rendered black by the 
von Kossa silver nitrate stain, and destruction of the papilla tip were 
noted several times. The papilla-tip lesion is shown in fig. 4 which 
maj^ he compared with the normal appearance of a papifia tip shown 
in fig. 5. An identical papillary lesion was reported in the Iddneys of 
essential fatty acid-deficient rats (Borland and Jackson, 1931), and 
as hsematuria has often been noted in such rats (e.g. by Burr and Bun’, 
1930, and Birch, 1938) it seemed possible that essential fatty acid- 
deficiency might have been a factor in the present experiments. 
However, as none of the inanition or ad lib, control rats used m 
experiments 2 and 3 developed hsematuria, and as 5 per cent, marganne 
and 5 per cent, lard had been used respectively in these experiments, 
it is unlikely that an essential fatty-acid deficiency was actually 
responsible for the lesions observed in the present experiments. 
Marked deposition of some calcium-containing compound was often 
noted in the kidneys of the pyridoxin-deficient hooded rats, and was 
usually* cortico-meduUarjj^ in distribution (fig. 6). The sigmficance o 
deposition of calcium compounds in the Iddnej^*, however, must e 
interpreted with cax’e as it may occur in normal control or 
animals. Calcium deposition was frequently observed in many of c 
control rats in the present experiments but, with the exception o one 

animal, was never so marked as in fig. 6. ^ . 

Severe pyelonephritis was observed posl mortem in two pj^i oxin 
deficient rats, 1 hooded and 1 albino. Gross erosion, destruction, ancL 



Fio 1 —Ki<lnoy of pyriLloMn deficient rat, 
Bliomng dt.jiosit'i in hiibmpsvilar spates and 
proximal tubule Penodio acid SelufT 
X270 


I ro 2—Kidney of pjridoxin deficient 
rat, sho^Mng areas of fibro'^J'? nofi 
tubular dilatation The kidnoy surface 
18 puckered o^e^ the nficcted areas 
Hicmatoxylm and eosm X 55 
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neutrophil infiltration of the papill-e ucrc present, these lesions i\ero 
quite dilTercnt from those described above Fig 7 shows an atfected 
tubule containing a neutrophil cast In tw o other p^Tidovin deficient 
rats, both hooded, a few neutrophils w ere seen in an occasional tubule 
in the lenal papilla, and a diagnosis of mild p 3 ^elonepliritis was 
made Although several of the pjTido\m deficient hooded rats 
of the long term cvpcrimcnts 2 4 had sov ere lu'ematuna at the 
tune of death, only an occasional subcapsular space in the hidneys 
of these animals contained the amorphous material that was the 
outstanding lesion in the pjTidoxm deficient hooded rats of the short 
term experiment 1 

xVrtcriosclerotic Ic'sions have been desciibed in pjTidoxin deficient 
nionhe^s by Rinehart and Grcenbeig (1940) Blood piessures were 
not recorded in anj of the present experiments, but the renal and 
cardiac lij pertrophv observ ed in most of the pjTidoxin deficient rats 
of both strains (Agnew) suggests that some degree of hjqiertension 
may have been present Artenoscleiotic lesions vveie not, however, 
Been in any of the blood v essels of the hearts and kichiej s examined 


Discussion 

Hrematuna m p^Tidoxin deficient rats has aheadj been fully 
discussed (Agnew) Although hajinatuiia occurred in all the long¬ 
term p\ridoxin deficient hooded rats undei observation (experiments 
2 4, tables I and 11), it wa^ stiessod m the earher paper that there 
may be great vaiiatioii in the incidence and time of onset of the 
bleeding It was also observed that although none of the pyridoxm- 
deficient albino rats developed h'eniaturia the hearts and kidneys 
of these lats, like those of the pyiidoxm deficient hooded rats, were 
usually sigmficantly heavier (g/lOO g bodjw\eight) than those of 
corresponding inanition and adlib fed controls The degiee of seventy 
of pyridoxin depletion, as gauged h} the rate of development and 
seventy of acrod^mia hl^e skin lesions did not appear to ho the factor 
determinmg the observed strain diffciences in susceptibility to the 
development of hrematuna 

Although liEematuria was not observed m any of the pjridoxm- 
deficient albino rats (experiment 5, tables I and II), a few red blood 
cells were detected microscopically^ in the urine of the ad lib fed and 
inanition control rats of one trio of albinos The rat normally excretes 
protein in the urine (Gilson, 1949), and possibly a greater degree of 
patency of the glomerulai membrane than noimal might allow the 
escape of an occasional red cell Occasionally, a few red blood cells 
may be observed m the tubules of normal rats (fig 8) Microscopic 
isematuna of variable duration has also been reported m apparently 
normal rats by Cavelti and Cavelti (1945) and by Humphrey (1948), 
•and no significance is therefore attached to the microscopic hsematuna 
observed m the albmo control rats of experiment 5 Presumably 
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strain differences were responsible for the failure of the p^fridoxin- 
deficient albino rats to develop severe hssinaturia. 

Because 4 of the 23 long-term pjTidoxin-deficient rats developed 
pyelonephritis, the possibility that the haematuria and renal lesions 
in the pyridoxin-deficient hooded rats might have resulted from this 
disease has to be considered. Agnew and Cook confirmed and extended 
the observation of Stoerk and Eiseh (1946) that pyridoxin-deficient 
rats showed impaired antibody production, but the poor antibody- 
response of these rats to such antigens as sheep erythrocytes or 
a killed culture of Bacterium typliosum does not necessarily’ mean 
that the rats would be more susceptible to infection. Occasional 
spontaneous abscess formation, however, has been observed in 
pyridoxin-deficient rats, e.g. Agnew and Cook, table 3, trio 16. Urine 
cultures from other pyu’idoxin-deficient rats with hjematuria failed to 
reveal organisms, e.g. Salmonella enteritidis, which Smadel (1937) 
found to be commonly associated with outbreaks of infective pyelo- 
neplmtis in stock rats. Examination of the kidneys of the pyridoxin- 
deficient hooded rats of experiment 1 Idlled shortly after the onset of 
hsematuria did not reveal signs of early pyelonepliritis and bacteria 
were not seen in Gram-stained sections. Finally, pyelonephritis was 
noted in one of the pyridoxiurdeficient albino rats but hEcmaturia 
was not observed in any of these, although antibody production was 
probably impaired. The diagnosis of pyelonephritis rested on the 
finding of pus cells in the kidney. The gross fibrosis in several of the 
kidneys might have been, in part, the end result of intercurrent 
pyelonephritis ; if some of these kidneys had been examined earlier, 
pus cells might then have been present and hence more instances of 
pyelonephritis recorded. It seems likely that hsematuria, induced 
by deficiency of pyridoxin, caused most of the renal lesions described 
in the present paper, and that pyelonepliritis was responsible only 
for the presence of pus cells and possibly, in part, for the gross fibrosis. 

SuaiMABY 

Renal lesions were observed in several pyridoxin-deficient rats 
and appeared to be the result of hematuria. Hasmaturia was not 
observed in long-term pyridoxin deficiency in albino rats although 
the kidneys and hearts of these rats, lilce those of long-term pyridoxin- 
deficient hooded rats, all of which had hfematuria, were significantly 
heavier (g./lOO g. bodyweight) than those of corresponding inanition 
and ad lib. fed controls. 

The earliest renal lesion detected in hooded short-term pyridoxin- 
deficient rats with haematuria appeared to be one affecting the patency 
of the glomerular filter. Amorphous, slightly eosinophilic material 
was deposited in many subcapsular spaces. Protracted hsematuria 
resulted in gross calcium deposition, especially in the cortico-inedullary 
zone. Deposition of calcium in and destruction of the renal papilla 
were observed in several of these rats. 
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Fio. 4.—Kulnoy of pjTidoxin-tloficipnt rnt, 
showingcfllcmm drposition in nnd destruc¬ 
tion of papilla tip. Tho desquamatod 
epithelial colls present m most of the 
tubules are the result of post-mortem 
change, (Compare normal nppearnneo m 
fig .j). Iljematoxylm and eosin. x4r». 



Fio. 7.—^Neutrophil cast in tubule 
of kidney of n pyridoxin 
deficient rat Hromatoxylm nnd 
oosin. X 220. 



Fin. fi.—Longitudinal hemisection of renal 
papilla of normal rnt. Hfrmntoxyhn nnd 
eosin X fifi 



Fio. 8. —Kidney of normal control rnt showmg 
5 red blood cells in a tubule. Haimatoxylm 
nnd eosin x 020 
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So\ cral gros'^h scnuetl kiclnc\ s ^v ere obsen ed in pjTido\in deficient 
rats but the mnikcd fibio'^is in these kldne^s might ha'io resulted, in 
put, from mtcrcinrent p^cloncpluitis Four obvious examples of 
p^cloneplllltls ^\cro obsen ed in p^Tldo\ln deficient rats but this 
disease is not tliought to ha\e caused the luenmtuiia observed in 
22 of 24 p^aldo\m deficient hooded rats Tlie significance of pj^elo- 
iicphritis IS discu'^sed Anth reference to antibody production in 
p\aido\m deficient rats 

Part of this ^vns done during tho tenure of a full time Agricultural 

Rc'ioarch Council Kcholart>hip I wish to thank Mr G Porter and his staff for 
thoir skilful and careful linndling of tho animals, 'Nfr E A S Rattray for expert 
toclmicnl assistance, and "Mr T Alomco for tho photographs 
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576 . 8 o 9 . 729 : 576 . 851 . 31 {Vibrio choUrce) 

AN EXPERBIENTAL STUDY OF THE 
ACTION OF CHOLERA TOXIN 

S. N. De, J. K. Sabkah and B. P. Tribedi 
Department of Pathologt;, Medical College^ Calcutta 

(Plates CXXIII and CXXIV') 

The exact pathogenesis of cholera, the classical scourge of Bengal, 
is debatable even to this da 5 \ Apparently the causative organisms 
remain confined to the lumen of the intestinal tract, with occasional 
access through its epithelium, but not beyond the basement membrane 
(Wilson and Miles, 194G) and there is a vague belief that the cholera 
evacuations are the result of irritation of the intestinal mucosa by the 
vibrios. More recently Burrows ct al. (1944) have endeavoured to 
show that cholera endotoxin greatly increases the permeability of 
isolated strips of intestine from normal guinea-pigs and rabbits. 

Very little attention has been paid to the systemic pathology of 
the disease, for the extreme dehydration and acid-base imbalance 
TOSiiJthig froza voufiiting snd dehydration distract the attention of the 
observer. Thus, the oligitria and anuria as well as the Iddney changes 
have been attributed to these factors. However, the toxic appearance 
of the cholera patient, the occurrence of cases of cholera sicca with 
profound collapse but few evacuations, and the persistence of anuria 
Avith death therefrom in many cases that have reached the reaction 
stage, very naturally suggest that the disease in man is primarily an 
intoxication and that the organisms multiply in the lumen of the 
gut, die, undergo autolysis and liberate their endotoxin which acts 
locally and is also absorbed, producing systemic effects. 

To test this conception, we have studied the pathological effects 
of intraperitoneal injection of a suspension of heat-ldlled cholera 
organisms into rabbits. Preliminar}’’ observations on some of the 
renal changes have been communicated to the first annual conference 
of the Indian Association of Pathologists. 


Methods 

(a) Preparatio7i of the toxic material. Freslily voided fasces of a typical 
patient seized vntli cholera at the commenceinent of an epidemic was seeded 
directly on a McConkey’s plate which yielded a pure culture on twenty-foiir 
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hours’ incubation. The organism was tested for its reaction to Gram staining, 
motility, sugar reactions, haemolysis and agglutination and was identified as 
an Inaba strain of Vibrio cliolerce. From the plate several nutrient broth tubes 
were inoculated ; the latter were then used to inoculate an agar medium prepared 
in Boux flasl^s. Each of these second subcultures, after incubation for 24 hours, 
was washed with sterile normal saline, pooled and centrifuged to tlirow down the 
bacteria. The bacterial deposit was suspended in an equal volume of sterile 
normal saline and the number of bacteria per c.mm. was counted with the 
help of a hEemocytometer, using warm dilute carbol fuchsin as the diluent, and 
was found to be 100 million organisms per c.mm. Tiie suspension was then 
sterilised by heating it in a water bath at 56° C. for 15 minutes and two control 
broth tubes were inoculated from it to confirm its sterility. This short exposure 
is sufficient to Idll Vibrio cholerce (Kitasato, 1888-89) and might be expected to 
interfere little with the toxicity of the preparation. The suspension was stored 
in the refrigerator and used as the toxic material whenever required. Before 
use, however, it was warmed in the incubator for 15 minutes and then given a 
thorough shaldng. It is obvious that it contained the bacterial bodies and their 
endotoxin although we refer to the preparation as “ cholera toxin An emulsion 
of heat-killed typhoid bacilli has been designated “ typhoid toxin ” in a similar 
sense. 

For ascertaining the toxicit 3 '‘ of the suspension, health^’’ male rabbits, 1 to 
1*5 kg. body weight, were emploj^’ed. As rabbits are loiown to store extra water 
in the tissues (Cameron and Courtice, 1946-47) they were given no water for two 
days and no food for one day before the experiments. By trial it was found 
that an intraperitoneal dose of 1 c.c. per kg. of the suspension regularly killed 
the animal in about 2 hours. This appeared to be the minimum lethal dose. 
Toxicity was maintained in the refrigerated suspension for 4 montlas. 

(b) Experimental procedures. Seven animals received a minimum lethal 
dose of the toxic preparation (1 c.c. per kg.). HoBmoglobin percentage, B.B.C. 
count and hsematocrit value of blood obtained from the ear veins were estimated 
half-an-hour before and every half-hour after the injection of the toxm. 
In moribund animals, blood samples were collected before the completion of 
the last half hour or terminally by cardiac puncture. About 0*5 c.c. of blood 
was run into test tubes containing double oxalate as anticoagulant and was 
mixed gently. Hsemoglobin percentage was determined with a Hellige neoplau 
hsemoglobinometer, red blood cells were counted with a Neubauer hsemocyto- 
meter and packed cell volume was measured by spinning in a pair of Wintrobe s 
capillary hsematocrit tubes for half-an-hour at 3000 r,p.vi. Blood pressure 
was recorded from the central artery of the ear by means of a Grant capsule 
(Grant and Bothschild, 1934) just before the blood samples were collected. 

A post-mortem examination was made immediately after death and ui 
from the peritoneal cavity was collected, measured and centrifuged. A smear 
from the deposit was stained with Leisliman’s stain and the nature ^^f the ce s 
was ascertained. Prof. H. Saha kindly examined the supernatant flmd ^ ^ ® 
total protein content by the photoelectric method of Greenberg. Tissues rom 
the heart, limgs, liver, kidneys, suprarenal, stomach, small intestme, arge 
intestine and appendix were fixed immediately in 10 per cent, formo sa me, 
embedded in paraffin and sections were stained with Elirlich s acid hsematox^ m 


and eosin. . • r \ 1 p 

One kidney from each animal was removed, together with its fatty capsu , 
after the pedicle had been tied to avoid loss of blood. After fixing m ormo 
saline for 24 hours it was bisected along the convex border, ^ ^ 
further fixed for about a week, when 100 ft thick frozen sections were 
parallel to the cut surface and stained bj' Lepehne-Pickw^orth s me - lo 
showing up the blood vessels. This method has been often iwed by one o 
(De, 1950) and by other workers (Campbell et aZ., 1938 ; Blackwood, 
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Fio 1 —Macroscopic appearance of cut surfuco of rabbit kidnej , {a) from nnimnl 
M Inch rccoi\ ed 1 in 1 (I of cholera tOMU, showinR pallor of the cortex and congestion 
of tlio medulla and (b) from control niumnl shmv mg umform appearance of cortex 
and medulla 



Fig 2 —A’’nscular pattern of parts of cortex, medulla and boundary zono of kidney 
from a rabbit uluch recoi\ed 1 mid of cholera toxin mtrapentoneally Tlie 
cortical glomeruli are ischromio and ghost hko in appearance The juxta medullatj 
glometuh arc distinct and parallel Closely set vessels (\ evsa recta) are prominent 
in the medulla Frozen section—100 p thick Fickworth s stain X 15 
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Plate CXXIV 


ClIOU-.UA TOXIN* 



Fjo. 3.—Vascular pattern of parts of corto\» medulla and boundary zone of kidney 
from n control animal Both tho cortical and jiixta-medullnrj* glomeruli are 
distinct. Vasa recta m tho medulla do not appear to bo so prominent or so closely 
set. Frozen section—100 a thick. Picki^orth’s stain, x 13. 
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for tho demoTwtr'xtion of pathological cimnges in the \ascular pattern of tho 
brain 

Tho abo\o tochniques were omplovcd with nmmals which received — 

(1) sublethal do'io of cholera toxm (0 75 c c per kg ) mtrapmtonealij — 

5 ammah 

(2) Iiigh fatal do';o of cholera to\in (5 cc per kg) mtrapentoneallj— 

5 ammal«i 

(3) subJothal do e of tjpliojcl to\m (I cc per Jg of 300 millions of 

organisms per c mm )—5 animals 

(4) high fatal doso of tjphoid to\m (3 c c per kg of 300 nulhons of 

organisms por c mm )—5 animaK 

(5) stenlo lij pertonre glucose (10 c c per 1 g of GO per cent solution) 

swbcufnneoiislj^ m tho tJngli —o finimais 

(6) sterile normal saline (1 c c per kg ) mtrapentonealh—3 animals 

Those animals which sur\i\el more than two hours were Idled with 
chloroform 3 hours after tho injection and their organs were studied macro 
scopicalh and microscopical!} 

In order to trace tho path of distribution of fluid Iea\mg the blood \cssoIs, 
4 c c of a 2 per cent solution of Evans blue m normal saline sterdLsed bj steam, 
was injected into tho oar \ cm of two pairs of rabbits (Seno\ iratne, 1948) One 
of the pairs had rocon ed 1 c c per kg of tho cliolora to\in mto tho peritoneum 
one hour beforehand, while the otlier had recen etl tho same doso of normal sahno 
and served ns n control Tho dj e beha\ os like serum albiimm m so far as the 
permeability of membranes is concerned (Rawson, 1042 43) The animals ^ve^e 
killed 'With chloroform 45 mmiites later and the distribution and the densitv 
of tho blue colour were studied m all instances 


Results 

(1) Experiments ivith cholera toxin 

The blood pressure changes and the haematological findings of the 
7 rabbits which died within 2 hours of injection of 1 c c per hg of 
the emulsion of cholera \ibrios are summarised in the table There 
was progressive fall of blood pressure, which commenced within half 
an hour after the mjection and continued till death The haemoglobui 
percentage did not rise till one hour after the injections when the 
red blood cell count and packed cell v olume also show ed a corresponding 
increase 

About 5 6 c c of peritoneal flmd was obtamed post mortem from each animal 
It was clear or shghtlj cloudj and m one case was franldy sangumeous In. 
two animals there was evidence of clottmg in the form of a thm film withm 
the fluid Tho ceniriluged deposit disdosed m alJ animats a preponderance 
of red blood cells (mmimum 90 per cent) a few mononuclear cells (7 per cent) 
and fewer polymorphs (ma'araum 3 per cent) The protein content of the 
supernatant fluid from two animals which showed colourless peritoneal e'uidate 
was 3 8 per cent 

Besides fluid in the peritoneum and some congestion of the 
abdommal organs the small intestine was found to bo soft and 
oedematous and it contained a little pale jelly hke fluid, while the 
large intestine often contained hard scybalous fsecal matter When 



Tabus— Summary of results 


Time Interval 


■a p Hemoglobin Bed cell count Packed cell 

/mm Wcr ^ (tnilUons volume 

\Zuu2. j Helllge) npr r mm l /ripr r-Atif 


per c.mm.) 


(per cent.) 


Effect of intraperitoneal injection of a lethal dose (1 c.c. per kg. B.W.) 
cholera toxin (means of 7 animals) 


J hour before injection 

69 

J hour after injection 

60 

1 9f ff ff * 

42 

hours „ „ 

30 

9 

^ ff ff 9f 

15 


07 

7-2 

37 

06 

... 

... 

12 1 

8*4 

39 

10 1 

... 

... 

13 1 

1 

8*1 

40 


Effect of intraperitoneal injection of a sublethal dose (0*75 c.c. per kg, B.W.) 
cholera toxin (means of 5 animals) 


J hour before injection 
J „ after injection 


hours 



Effect of intraperitoneal injection of heavy lethal dose (5 c.c. per kg. B.W.) 
cholera toxin (means of 5 ammala) 


4 hour before injection 

1 

1 60 

116 

4 ,, after injection 

1 20 

118 

1 >» >» ff • 

1 17 

125 

1 hours „ ,, 

1 

dead 

i 



(means of 5 animals) 


^ hour before injection 


1J hours „ 
2 »» >> 
S >> i> 


71 

95 

6-1 

70 

... 

6-73 

61 

103 

60 1 

110 1 

7*5 

63 

116 

51 

122 

9*6 


Effect of intraperitoneal injection of a heavy lethal dose (3 c.c. per kg. B.W.) 

typhoid toxin (means of 5 ani mals) ___ 


^ hour before injection 
V „ after injection 

1 »> ff f* 

14 hours „ „ 


Effect of intraperitoneal injection of sublethal dose (1 c-c* P®r 

typhoid toxin (means of 5 animals)___ 


I hour before injection 
J „ after injection 

1 tf ff »» 

14 hours „ >, 

*>" .. .. 


100 

... 

102 


104 


98 1 

... 

102 j 

... 
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the kidneys were split along their convex border, their cut surfaces in 
six rabbits disclosed an extremely pale cortex while the medulla and 
the boundary zone appeared a dark, dusky red colour (fig. la). We 
were reminded of the coloured diagram of cholera kidney depicted 
by De and Chatterjeo (1935), of the appearance of the Iddney of 
traumatic anuria illustrated by Bywaters and Bible (1942) and of 
the kidney appearance obtained after stimulation of nerves by Trueta 
et al. (194G). 

Definite microscopic changes were found in the follo'sving organs. 

Kidney. Pickworth’s stain showed ischremia of the cortical 
glomeruli and poor vascularity around the cortical tubules. These 
changes were most marked and most constant in the more superficial 
parts and their extent deeper do\vn was variable. In the extreme form, 
only the juxta-medullary glomeruli seemed to escape this ischremic 
change (figs. 2 and 3) and from their elferents numerous pencils of 
prominent vessels, the so-called vasa recta spuria, could bo seen 
passing down the medulla. 

Most of the cortical glomeruli appeared collapsed, onlj’’ an occasional 
red blood corpuscle showing in the tufts. The spaces of the Bowman’s 
capsules and the tubular lumina were ahnost non-existent. The 
peri-glomerular convoluted tubules appeared perfectly healthy as also 
the medullary rays. A few venous channels could be detected but 
they contained only clear plasma. 

The glomeruli in the boundary zone, especially those in the two 
innermost rows were, in contrast to the above, obviously congested. 
Their capillar}^ tufts were open and filled with blood cells. The 
peri-glomerular convoluted tubules, both proximal and distal, showed 
granular and more eosinophilic cytoplasm, the mner margin of the 
cells tending to be irregular but the nuclei healthy. The Bowman’s 
capsules and the tubules in tliis region were patent. 

At the medullary region, intense congestion of the vasa recta 
coursing between the straight tubules was striking. The cells of the 
limbs and loops of Henle were swollen and graniilar while parts of 
the cells nearest to the lumen had disappeared. According to Karsner 
(1936) these changes represent advanced cloudy swelling of the renal 
epithelium (fig. 4). Nuclei were pyloiotic and karyolytic at places. 
The cells of the collecting tubules were normal. 

Heart, The muscle fibres were well separated from each other. 
This was very striking when compared with the heart muscle obtained 
from rabbits injected with hypertonic glucose solution or with emulsion 
of killed typhoid bacilli or from the control animals. The cardiac 
muscle fibres exhibited swelling and granular degeneration of the 
cytoplasm and at places loss of striation was evident. There was 
no sign of necrosis or hasmorrhage in the cardiac walls. 

Small intestine. The submucous and serous coats showed clear 
evidence of oedema in the form of wider spaces between the connective 
tissue fibres. The stroma of the mucous membrane also appeared 
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oedema tons but the epithelial lining was norm ah No cellular exudate 
was present in any of the coats* 

With small doses (0-75 c.c. per kg.) of the cholera toxin, changes 
in vascular pattern of the lddne 5 ’-s were not so prominent, although 
similar parenchymatous and glomerular changes could be detected. 
With heavy lethal doses (o c.c. per kg.), the cortex was very congested 
and the cortical peri-glomerular tubules showed parenchymatous 
■damage similar to that present in the meduUarj^ and juxta-medullary 
tubules. With a subletbal dose, there was a temporary fall of blood 
pressure which returned towards normal in 1| hours. Hagmocon- 
centration was not marked. With a heavy lethal dose, there was 
marked fall of blood pressure till the animal was dead in 1-| hours’ 
time and there was considerable heemoconcentration after I hour (table). 

In the animals which received cholera toxin intraperitonealiy 
followed by Evans blue intravenously, the peritoneal fluid was 
•coloured intensely blue. The serous coats of the small and large 
intestines and of the appendix were a deeper blue than in the control 
Animals. The contents of the small intestines (both jejunum and 
ileum) were fluid and appeared distinctly blue but were tmcoloured 
in the control animals. Tlie lieart muscle in both groups stained 
deep blue hut careful examination suggested a deeper colour in the 
test animals. 


(2) Experiments (control) ivith normal saline 

The table shoAvs that the mean blood pressure, red cell count, 
haemoglobin and packed cell volume remained almost constant 
throughout the period of experiment in 3 control rabbits. Little 
fluid was found in the peritoneal or other cavities and no abnormality 
•could be detected in anj'’ of the organs. 

(3) Dehydration experiments with hypertonic glucose sohition 

The table summarises the mean changes in blood pressure and 
in the blood of 5 rabbits wliich received hypertonic glucose solution 
subcutaneously, the method used by Davis (1940, 1941), Stoner and 
Green (1945), Cameron et al. (1946) and Cooray and De (1949) for the 
study of some effects of simple dehydration. We have confined our 
observations to the first three hours of the experiments because vre 
wished to find out if simple dehydration was responsible for the results 
of our short-lasting (ca. 2 hours) experiments with cholera toxin. 
There was considerable hsemoconcentration udthin this time, as 
indicated bj^ the rise in bsemoglobin percentage, red cell count and 
packed cell volume, much more than with cholera toxin, but the 
blood pressure showed a much smaller and less regular fall. 

The organs of these animals appeared congested when killed wliile 
the cut surface of the Iddney presented a uniform congested appearance; 
the medulla was not so densely congested, nor was the cortex so pale 
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as in the animals injected with cholera toxin. Iso microscopic 
abnormality svas detected in any of tlio organs except congestion. 


(4) Expeumrnts icith typhoid toxbi 

The effects of intrapeiitoneal injections of a rather heavy lethal 
dose and of a sublethal dose of an emul'sion of killed typhoid bacilli 
on blood pressure, lisonioglobin percentage, red blood cell count and 
packed cell volume of peripheral blood are shown in the table. It 
will bo noted that in both cases the blood pressure continued to fall, 
not unlike the behaviour observed with cholera toxin. Usually after 
2 hours either the blood prcssuie was so low that it could not l^e 
measured and the animal died, or the blood pressure loso towards 
normal, as with the sublethal dose of cholera toxin ; on the other 
hand, no hajinoconccntration as judged by rise in hroraoglobin level 
was observed. 

At autox^sy, free fluid was not found in the ijeritoneal cavity nor 
were there any other macroscopic abnormalities. Tlie cut surface of 
the kidnej’^s of the animals presented a umforml 3 ’’ congested ax^pear- 
ance of both the cortex and the medulla. 

The peri-glomorular convoluted tubides, both in the superficial 
cortex and in the boundary zone, and the limbs and loops of Henle 
in the medulla exhibited cloudy spelling of the epithelium, more 
markedly" and more uniformly with the fatal dose. Histological 
examination revealed a complete absence of oedema in the mj^'oeardium 
and intestinal coats although the heart muscle showed some granular 
degeneration and loss of striation. 

Discussion 

Toxic effects resulting from the intraperitoneal injection of washed 
saline suspension of killed vibrios must be due to contained endotoxin. 
The local peritoneal reaction to this toxin is engorgement of vessels 
and an outpouring of fluid which is poor in cells and rich in protein. 
The fluid does not strictly represent a true inflammatory exudate as 
the leucocytes, especially the polymorphonuclear cells, are so scanty'. 
On the other hand, (i) preponderance of red blood cells, (ii) high protein 
content approaching that of plasma with the presence of fibrinogen 
and formation of membranous clot and (iii) frank leakage of Evans 
blue into this peritoneal fluid suggest a grave alteration in the 
permeability of the capillaries. The toxin has so injured their walls 
that they allow almost free passage of plasma as well as of some red 
blood cells. Such a toxic injury to capiUarj’' walls is not unknown with 
bacterial products (Seneviratne, loc. cit.) though it may be noted that 
introduction of a sterile emulsion of typhoid baoiUi has not given 
such an outpoxuing of fluid. This suggests that the local alteration of 
capillary permeability’ as observed with cholera toxin is not a non- 
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specific reaction of the peritoneum to bacterial products. The loss 
of fluid from the circulation is obviously responsible for the hsemo- 
concentration. Histological and dye studies show'that this fluid loss 
is not confined locall}^ to the peritoneum but affects other tissues. 
With the emulsion of t3T3hoid organisms, lack of hsemoconcentration 
seems quite compatible with absence of extravasation of plasma into 
the peritoneum. 

The diminution in volume of circulating blood which is suggested 
by the hsemoconcentration might well be blamed for the fall of blood 
pressure observed vdth cholera toxin. But, on closer scrutiny and 
especial!}’' on comparison with the results of subcutaneous injection 
of hjTpertonic glucose solution, it becomes obvious that a much higher 
degree of hgemoconcentration is possible without any considerable 
effect on blood pressure. Tliis leads us to think that hsemoconcentration 
produced hy cholera toxin maj’' have contributed to the observed 
fall of blood pressure but is not chiefl}’- responsible for it. There may 
have been some more direct effect of the toxin on the cardiovascular 
sj^stem because of its absorption into the general circulation. Ample 
support for this view exists in the form of histological changes in the 
heart, kidneys and intestines. We would suggest that the oedema 
fluid separating individual muscle fibres of the heart mechanically 
interferes with their contraction and therebj’' impairs the functional 
efficienc}’' of the mjmcardium. The parenchjanatous degeneration of 
the muscle too no doubt affects its function. These structural 
changes in the m^mcardium would contribute to the observed fall of 
blood pressure. Further evidence comes from the work of Manwaring 
ef aL (1923) who observed extensive heart oedema when they perfused 
the isolated organ with saline mixed with filtrate of old broth culture 
of Vib7io choleroe. The}’’ recorded functional impairment of the muscle 
contractions which they attributed to cardiac oedema. 

We also think that the submucous oedema of the small intestine 
must have been due to specific action of the cholera toxin after its 
absorption into the general circulation. The toxin specifically damaged 
the capillaries of this area, increasing their permeability to protein. 
This is suggested by the deep blue colour of the wall of the small 
intestine and also by a bluish colouring of its contents observed after 
the intravenous injection of Evans blue. 

The renal changes deserve comment. The cortical pallor and t le 
medullary congestion resulting from sublethal and minimum letha 
doses of cholera toxin are reminiscent of the changes produced y 
nervous stimulation (Trueta et ah, 1947) and may indicate a simi ar 
mechanism of spasm of interlobular arteries and afferent arteno es 
and diversion of the cortical blood through juxta-meduUary glomer 
to the medulla. 

The Iddney also exhibited evidence of toxic damage to "die parem 
chyma in the form of severe cloudy swelling and neci;esis bf the tu u ar 
epithelium in the boundary and medullary zones hhere t e o' 
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laden blood had been diverted TJie corte\ was thus deprived of 
blood and so saved from the toMn The pen-glomerular con\oluted 
tubules m this region aiipoarcd healthy and had not suffered from 
the effects of ischccmia The reason for this, no doubt, is the shoit 
duration of the iscluemia which lasted foi about 2 hours, whereupon 
the animal died rranlJin (1950) romarhs that the cortical elements 
of the rabbit can stand an ischieniia of about 4 hours, and this fact 
may well e\plam the absence of anoMc damage here 

With heavy doses of cholera toxin, how oi er, the mechanism appeals 
to fail, and the toxic blood finds a passage to the cortex, thereby 
injuring the conioluted tubules With tj'phoid toxin, gi\en either 
in lethal or in non-lcthal doses, this mechanism does not come into 
pla 3 ’' to protect the cortex 

Our experimental findings explain reasonably well the chain of 
events that tabes place in human cases of cholera The endotoxin, 
liberated by the death and dLsintegration of the vibrios, through a 
local action on the capiUaiies of the intestinal mucosa, increases their 
pciraeabihtj^ causing an outpouring into the lumen of the gut of 
plasma sometimes mixed with red blood cells The to\m is also 
absorbed and thereafter exerts a specific toxic effect on the submucosal 
and mucosal capillaries of the small intestine The loss of fluid from 
the circulation results in liienioconcentration and this undoubtedly 
contributes to the fall of blood pressure cspcciallj' when this loss is 
continued foi some considerable time But the more important cause 
of the shocb-ldvo manifestation lies in tlie effects of the toxin on the 
cardiovascular S 3 stem One of these toxic effects is diiected agamst 
the myocardium, whore the specific action on the myocardial capillaries 
gi\ es rise to oedema and impairment of function The occurrence of 
cases of cholera sicca with pronounced shock but httle purging strongly 
suggests the predominant lole of the absorbed toxin on the cardio¬ 
vascular S 3 stem The toxin also acts specificall 3 ’- on the renal vessels 
and paienchyma, leading to the same land of shunting mechamsra 
that we have dcmonstiated in the rabbit It ma 3 '’ well be that in the 
cholera cases which recover from the stage of shock and oliguria the 
protective mechamsm has been successful In those that lapse latex 
into the state of post choleraic uriemia, toxic and isclijemic damage 
of the cortical parenchyma is irreversible, due either to failure of this 
mechamsm because of heavy amounts of toxm or to long duration 
of the ischoemia 

SujrJUPA AND CONCLUSIONS 

ti trapentoneal mtroduction of smtable amounts of cholera toxm 
in the form of heat lolled washed suspension of Vibrio cholerce lolls 
rabbits m about 2 hours The mjection is followed by hsemoconcentra¬ 
tion and by fall of blood pressure which is due partly to the degree of 
hfemoconcentration and partly to a direct action on the cardiovascular 
system of the toxm after it is absorbed 
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Hscmoconcentration is the result of outpouring into the peritoneum 
of fluid which is rich in protein and poor in cells. Microscopic 
evidence of oedema is also seen in the myocardium and in the mucosa 
and snbmucosa of the small intestine. Evans blue given intravenously 
leaks into all of these places. These facts suggest an alteration of 
permeability of the capillaries which allows passage of plasma-like 
fluid into the tissues. Such a change appears to be brought about by 
direct local action of the cholera toxin and also by its remote specific 
action on the capillaries of the myocardium and of the inner coats of 
the small intestines. 

The toxin also affects the vasculature and the parenchyma of the 
Iddneys, leading to diversion of the toxin-laden blood from the cortex 
to the medulla. The vital cortical elements are thus protected from 
the effects of the toxin which, however, damages those parts of the 
nephrons situated in the medulla and juxta-medullary regions. As 
the majority of the glomeruli are rendered ischaemic, filtration of 
urine is diminished and further loss of body fluid by this route 
is prevented. This protective mechanism fails when a very heavy 
dose of cholera toxin is injected. The significance of these experi¬ 
mental results in relation to the human disease is discussed. 

We wish to thank Professor H. Saha for estimating the protein content of 
peritoneal fluid, Dr K. P. Sen Gupta for some teclinical help, Drs A. R» Roy and 
H. K. Chalu'avarty for some helpful criticism and Mr J. Saha for the photomicro¬ 
graphs. 
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TWO CASES OF RENAL CARCINOj\IA SHOWING 
CYTOPLASMC INCLUSIONS 

David M. McClitbe and C. F. Ross 

From the Pathologxf Departments of the TJnxversxty and Western 
Infirmary^ Glasgow^ and Ashford Hospital, Middlesex 

(Plate CXXV) 

C of tlio renal parenchjTna is a fairly frequent disease in the 

human subject, compiising about 2-5 per cent, of all mabgnant tumours 
occurring bet^veen the ages of thirtj^ and seventy. Two examples 
have recentty been encoimtered in widely separated parts of the 
country, in uhich the malignant cells contamed cjdoplasmic inclusions 
bearing a certain resemblance to inclusion bodies of virus origin. 
Since no report of a similar finding in this common disease has been 
found in the hterature, it appears worth while to place on record a 
detailed account of these neoplasms. 

Case Reports 
C ase 1 
Chnxcal history 

Mrs J. L., nged 41, was admitted to the Glasgow Western Infirmary suffering 
fiom mitral stenosis. Fourteen days after admission she complamed of constant 
gnawing pain m the left loin. A firm irregular mass was palpable in the left 
hypoohondriiim, mobile and tender, and moving with respiration The urine 
showed numerous red cells, but no casts or excess of leucocytes. A provisional 
diagnosis of renal tumour was made Retrograde pyelography showed a filling 
defect of the loft renal pelvis and at the pelvi ureteral junction, suggestive of 
a neoplasm. 

At operation a tumour vas found to occupy most of the lower half of the 
Ividney, which was adlierent to the peritoneum m tins situation. The renal 
peIvTs was slightly distended by a soft mass of growth and, in its upper third, 
the ureter was adherent to the psoas muscle m which a nodule about the size 
of an almond was felt. The kidney was removed with 75 mm. of the ureter, 
and the nodule in the psoas was excised. At no time before or after operation 
was there any evidence of urinary infection, and the patient made an uneventful 
recovery. 

Description of specimen 

The kidney weighed 2G0 g. In the lover pole was a firm nodular 
mass, occupying the entire thickness of the organ. On dissection, 
the tumour was seen to he roughly spherical and 55 mm. in diameter. 
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It was sharply demarcated by a capsule of compressed and fibrosed 
renal tissue. The cut surface showed golden-yellow areas of central 
necrosis. There was no cyst formation or mucoid change. A few 
fibrous trabeculae traversed the growth. The tumour extended into 
the renal pelvis, and there were white papillomatous outgrowths 
from its lining epithelium. The lumen of the ureter was patent, and 
no extension along the renal vein was seen. 


General histological features 

Blocks were taken from the central and peripheral parts of the 
tumour, from the adjacent tumour-free renal tissue, from the pelvis 
and ureter and from the nodule in the psoas muscle. The tissues ^vere 
fixed in corrosive formol and 10 per cent, formol saline. Paraffin 
and frozen sections were prepared. 

Both the architecture of the growth and the degree of epithelial 
differentiation varied in different parts. The predominant structure 
was papdliform, and this was most highly developed in the peripheral 
parts, where the tumour was divided into lobules by fibrous septa- 
derived from the capsule of compressed and fibrosed renal tissue. 
Elsewhere, the cells were arranged in tubular form. Extensive areas 
of necrosis with heavy polymorph infiltration were present in the 
central parts of the growth. Immediately adjacent to the necrotic 
areas there was an increase in the collagen of the stroma and 
infiltration with polymorphs. Thin-walled blood vessels were 
present at the periphery, but the main bulk of the tumour showed 
low vascularity. 

The degree of differentiation in both the papilKform and tubular 
areas may conveniently be divided into three grades :—(1) areas 
with well defined epithelium, in which the cells show clearly defined 
cell membranes and are generally in single layers, but with fairty 
frequent reduplications. The intervening stroma is very delicate, 
and of low vascularity, so that the epithelial layers of each papilliform 
process are separated by little more than the basement membrane. 
(2) Areas with poorly differentiated epithelium showing great 
irregularity and heaped into multiple layers in which cell membranes 
are not distinguishable, but in which the basic papilliform or tubular 
structure is retained. The stroma in these areas is more abundant, 
and frequently contains bulky aggregations of very large foamy cells 
with small dense nuclei. (3) Frankly anaplastic areas in wWch the 
features of papilliform or tubular structure are lost, and which show 
marked nuclear aberrations and mitotic figures. The latter features 
are readily found only in such areas of maximum anaplasia. 

Sections of the pelvi-ureteral junction and of the ureter showe 
IjTuphatic permeation of all the layers by malignant cells accompamed 
by considerable poljmorph infiltration. 

The malignant cells in the nodule from the psoas muscle showed 
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no suggestion of papilliform or tubular structure, and had a much 
more abundant fibrous stroma, freel}’’ infiltrated u ith polymorphs 


The cytoplasmic inclusions 

In the primary tumour, the cytoplasm of the epithehal cells 
unaffected by necrosis contamed highty refractile eosmophihc bodies 
Almost e^ery cell had one or more of these inclusions, producing a 
ver 3 ^ striking microscopic picture The individual bodies vaned 
considerably m shape and size, ranging from 2 16 /x in their greatest 
diameter, u ith an average size rather less than that of the cell nuclei. 
Only the smallest of the inclusions were spherical All the larger 
bodies shoved various degrees of distortion—elongation, compression 
and, vhene^e^ closely apphed to the nucleus, mdentation These 
appearances vere taken to indicate a relatively low density and low 
fluid tension Almost without exception, the cells containing endo¬ 
plasmic inclusions had a largo eosinophilic nucleolus 

The distribution of the bodies varied in different parts of the growth 
In the areas with well differentiated epithehum, smgle cytoplasmic 
bodies of uniform size were locahsed at the base of the cell between 
the nucleus and the basement membrane Tins arrangement was 
best seen m the papilliform areas with a single layer of epithehum 
(fig. 1) The size of the inclusions in these areas was generally a 
little less than that of the nuclei In the areas with poorly differentiated 
epithehum m multiple layers, there was a corresponding multiphcity 
of inclusions There was also a greater variation m size, and a greater 
number of smaJler forms, frequently with several bodies m a single 
cell (fig 2) In the most anaplastic areas with large cells and large 
aberrant nucleoh, the inclusions were proportionately larger and 
more distorted Numbers of smaller forms were agam often present 
in association with the larger bodies witlun a single cell Wliere the 
tubules were small and closely packed, with low cubical type of 
epithehum, the basal location of the bodies was much less m evidence, 
and they were found more often lateral to the nucleus, and frequently 
occupied the whole depth of the cell 

No organised internal structure was detected in the c 3 rtoplasmic 
bodies With some stainmg methods the bodies were not homogeneous, 
but they never suggested the regular structural pattern of a group 
of elementary bodies 

On approachmg the necrotic areas, a sharp transition was observed 
from cells contaimng inclusions and prominent nucleoh to cells 
showing neithei of these features In some instances nucleoh persisted 
in the zone beyond where the mclusions disappeared, but m general 
the absence of both was parallel to a strilang degree The majority 
of these cells were still apparently viable and formed a zone of 
varj^mg width surroundmg the necrotic areas In these zones, the 
collagen of the stroma was more abundant. Occasionally, the transition 
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was so abrupt as to be a clearly defined line, but this may represent 
merely the point of contact of two lobules of tumour tissue having* 
separate vascular supplies, one of which was failing. In the same 
way, there were occasional narrow prolongations of inclusion-bearing 
cells between two areas of necrosis. 

In general, the greatest concentration of inclusions was found 
at the periphery of the tumour. At the extreme periphery, occasional 
areas were found where the entire cj^toplasm of the cells was occupied 
by eosinophihc retractile material. In a very few places similar material 
was found extracellularly. The inclusions were wholly confined 
to the tumour and none was found in the renal substance proper. 

Neither inclusions nor nucleoli were present in the tumour cells 
in the renal pelvis and ureter or in the nodule from the psoas muscle. 
In these sites the malignant cells were morphologically similar to 
those lacking nucleoli and inclusions in the primary tumour, namely,, 
the cells adjacent to necrotic foci. The secondaries also showed 
marked polymorph infiltration. 


Case 2 
Clinical history 

Mr A. J. M., aged 46 years, was referred to Ashford Hospital in December 
1949, with a history of severe cough of five months’ duration, accompanied by 
yellow non-offensive sputum, shortness of breath and fever, but no heemoptysis. 
He had been investigated as a possible case of pulmonary tuberculosis but 
X-ray examination of his chest suggested silicosis, though there had been no 
occupational risk. His sputum w^as consistently devoid of tubercle bacilli 
and the Mantoux reaction was negative in all dilutions. 

In view of the condition of the patient, treatment was merely symptomatic, 
and he was discharged to attend the outpatient department. He was admitted 
to an associated hospital three weeks after his discharge, with a diagnosis of 
bronchopneumonia and died three weeks later. 

Post-mortem findings 

The right kidney contained a large tumour, 8x8x6 cm. in the 
upper pole, unattached to surrounding structures. On cutting, it 
showed much central fibrosis and areas of cyst formation. Its colour 
was yellowish-white, wdth some brownish areas of necrosis and 
haemorrhage. The tumour was covered by the renal capsule, and 
was demarcated from the kidney by compressed renal substance. 
There was no involvement of the renal pelvis or vein. All the abdominal 
lymph nodes were neoplastic and continuous with those in the thorax. 
The rest of the urogenital tract was normal. 

There was a little free fluid in the peritoneal cavity. Apart 
an old healed duodenal ulcer, the alimentary tract was normal. The 
spleen was toxic The pancreas and adrenals were normal.^ The 
liver contained a small metastasis in the right lobe and one in e 
left. The gall-bladder and bile-ducts were healthy. The left ki nej^' 
was congested but otherwise normal. 
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1.—Well differentiated papilliform growth with predominantly subnuclear 
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Ca^f 2 —Pleomorphic tiimonr growth with corresponding variation in the cytoplismir 
inclusions Phloxin tartrnzme X350 
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TJioro \rere some small neoplastic lymph nodes in the deep cervical 
•chain, otherwise no abnormalities in the neck. Thorax, Bilateral 
pleural effusion of about one litre was present wdth fibrinous adliesions 
over the lower lobe of the left lung. The parietal pleura showed 
scattered firm nodules from 5-10 mm. diameter, very numerous over 
the diaphragm ; some wore pedunculated. The lungs were almost 
completely solid, showing generalised multiple white discrete tumour 
nodules and intervening bronchopneumonia. The nodules were mostly 
rounded or lobulated and their size varied from 2-15 mm, diameter. 
Peribroncliial spread was prominent. All the mediastinal lymph 
nodes wore neoplastic, but were discrete. Nodules were scattered 
over the outer surface of the pericardial sac. The epicardium and 
the heart showed no abnormality. 

General histological fcalurcs 

A carcinoma wdiich for the most part wes growing in masses with 
no attempt at differentiation was present in the right kidney. In some 
parts, tubule formation was seen and in others the structure approached 
that of the clear-celled variant. The bulk of the growth wes made 
up of very largo cells with abundant finely granular eosinophilic 
cytoplasm having largo nuclei with prominent deeply eosinophilic 
nucleoli, often multiple. The size and shape of the tumour cells 
were ver 3 ’' variable, and bizarre forms and tumour giant cells were 
common. In some places, necrosis and ha3morrhage were present. 
Mitoses were uncommon. Ljunphatics and occasional venules con¬ 
tained growth. 

All the lymph nodes examined (mediastinal, para-bronchial, coeliac, 
para-aortic and mesenteric) w'ore almost completely replaced by 
growth having similar characters to those of the renal tumour. Large 
masses of growth replaced lung tissue which in some parts was infected. 
Dilated perivascular and peribronchial l 3 nnphatics were full of growth 
and, very rarely, small blood vessels contained carcinoma cells. 

The cytoplasmic inclusions 

In the primarj^ tumour, where the cells were not necrotic, in the 
lung metastases and generall}^ distributed throughout the growth 
in the Ijnnph nodes were refractile deepl^^ eosinophiUc bodies. These 
were not present in the tumour-free parts of the right kidney nor in 
any other organ examined. Nearly every malignant ceU contained 
one or more of these inclusions, the number bearing an indirect 
relation to the size. Even w’here single cells in remote Ijnnphatics 
were seen, the cytoplasm contained the bodies. In size, they varied 
from only just visible granules to large masses up to 25x8 y. The 
smallest bodies w'ere round, but the larger ones oval, bean-shaped, 
horseshoe-shaped, dumb-bell-shaped or in irregular masses. In other 
characters the bodies were generally similar to those in case 1, 
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SXAIOTKa REACTIONS OR THE CYTOPLASraC BODIES 

The bodies were investigated by standard histological and liisto- 
chemical techniques, including methods for the specific demonstration 
of various intracellular granules. 

The bodies gave a negative reaction with the periodic acid-Schiff 
technique, thus eliminating glycogen, simple and complex muco^ 
polysaccharides, mucoproteins, glycoproteins andgiycoiipids. Feulgen's 
reaction was negative. Tests for iron and fat were also negative and 
under polarised light the bodies were isotropic. 

With the general histological stains, the cytoplasmic bodies were 
uniformly eosinophilic. With Mallory’s phosphotungstic acid hsema* 
toxylin and with iron hsematoxylins they were blue-grey and blue-black 
respectively. Kiiline’s hyaline stain gave only a v^ry faint blue, and 
Gram’s stain was not well retained. With van Gieson’s stain the 
bodies stained a bright yellow. 

Of the various stains, carbacid fuchsin (Lendrum, 1945) and 
Laidlaw’s acid fuchsin-orange G were the most specific, the fuchsin 
staining being wholly confined to the bodies. With carbacid fuchsia 
the staining was patchy and inconstant, and uniform results were 
not readily obtained. The bodies did not appear homogeneous and 
gave an impression, not definitely confirmed by any other method, 
of a coagulum confined within a limiting pellicle. Phloxin-taTtrazine 
(Lendrum, 1947) gave excellent definition, the bodies being homo¬ 
geneous and strongly phloxinophilic, retaining the red stain rather 
longer than the majority of the red cells. In the subsequent investiga¬ 
tions,* this stain was adopted as a standard. 

Inclusion bodies in the renal epithelium of the newborn have 
been described by various authors, and as material from a recent 
case (Cappell and McFarlane, 1947) was available, the stauung 
reactions were compared with those of the present tumours. Material 
from the submaxillary virus disease of guinea-pigs was also employed, 
as this condition occasionally involves the kidneys, and the cytoplasmic 
globules of hyaline droplet change in renal epithelium were also 
studied. No tinctorial or morphological similarity was found between 
the inclusions in the newborn or in the guiaea-pig and those of the 
present cases. Comparison of the staining reaction of the tumour 
inclusions with hyaline droplets in renal epithelium showed some 
tinctorial similarity, particularly with phloxin-tartrazine, but the 
larger hyaline droplets exhibited somewhat greater refractility and a 
more strongly phloxinophilic property. Fundamental differences 
were, however, observed. The hyaline droplets were P.A.S. positi'vc> 
and also stained strongly with Kiilme’s hyaline stain and Weigerts 
fibrin stain, in contrast to the tumour bodies. 
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CVTOPLASmO BODIES IN OTHER RENAL TUMOURS 

A 'Specific search for cytoplasmic inclusions was made in a series 
of renal tumours, since their presence in small numbers in previous 
cases might have been overlooked in the routine hsematoxylin and 
eosin preparations. Accordingl}", sections from 70 cases of renal 
tumour were prepared, stained with phlox in-tar tra zinc and searched 
carefully for inclusions. 

The series included 58 cases of renal carcinoma, 55 cases of renal 
adenoma, and 7 renal rests and miscellaneous cases. Fixation was, 
as before, by corrosive formol or formol saline. 

In sixteen of the renal carcinomata, refractile spherical phloxinophil 
bodies were found in the malignant cells. In all cases, the bodies 
wore scanty and appeared as multiple small spherical globules situated 
peripherally in large swollen cells, and lying between the nucleus and 
the free margin, or as large single spherical globules. The inclusions 
wore never located at the base of the cells and were almost invariably 
spherical. In addition, they wore rather more highly refractile, and 
even more phloxinophilic than those in the two tumours under review. 
Investigation of the staining reactions of the inclusions in this series 
shows that they were tinctorially identical with the hyaline droplets 
in renal epithelium. With carbacid fuchsin, the fuchsin staining was 
whoUy confined to the bodies, wliich presented a much more homo¬ 
geneous appearance than did those in cases 1 and 2. With phloxin- 
tartrazine the bodies were readily identifiable by virtue of their greater 
refractility, even when their size approximated to that of a red cell, 
and despite incomplete decolorisation of the red cells. The staining 
reactions of both large and small inclusions in the series were identical. 

Discussion 

Cellular inclusions are not infirequent in malignant tumours, and 
in the past have given rise to speculation about the possible parasitic 
and virus setiology of neoplasms. Various accounts of both cytoplasmic 
and intranuclear inclusion bodies in tumour cells have been given. 
The cytoplasmic bodies include the “ bird’s eye ” inclusions of glandular 
carcinomata, which are characteristically located between the cell 
nucleus and the alveolar lumen, and contain a central basophilic 
portion surrounded by a protoplasmic rim or ** halo ” (Ewing, 1940 ; 
Willis, 1948). Cytoplasmic inclusions have been most frequently 
reported in tumours of glandular origin, and as a rule are the result 
of disordered attempts at the formation of secretion. In the gliomata, 
the intranuclear inclusions are compatible with virus activity (Russell, 
1932). In other cases, as in the muscle sarcomata, abnormal con¬ 
figurations of the nuclear chromatin may present a superficial 
resemblance to virus inclusion bodies or to protozoan agents. Prominent 
acidophil nucleoli are characteristic of rapidly growing cells, both 
simple and malignant. 
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In the renal carcinoma of the leopard frog (Lucke, 1934a and b ; 
1938a and 6) where the general architecture of the growth corresponds 
very closely to the papilliform areas of the tumour in case 1, the 
inclusions are again exclusive^ intranuclear, being of Cowdry's 
type “ A 

In the present cases, the association of cytoplasmic inclusions 
with acidophil intranuclear bodies in a reguiar pattern suggested the 
activity of a virus. On detailed examination, however, the bodies 
differed in various fundamental respects from intranuclear and cyto¬ 
plasmic bodies of known virus origin. 

The large eosinophilic nucleoli in the renal tumours bear a close 
resemblance to the earliest stages of develo^Dment of the intranuclear 
inclusions of guinea-pig submaxillary virus disease, but the fully 
developed virus bodies differ radically from the nucleoK, which show 
no significant difference from the nucleoli of other renal carcinomata 
without cytoplasmic inclusions, and from the nucleoli in other carcino¬ 
mata and similar rapidly growing cells. 

The tumours do not arise from glandular epithelium. Although the 
secretory function of renal tubule cells for certain metabolic products, 
dyes, etc., is now generally accepted, this activity is not associated 
with the formation of visible intracellular secretion products. Materials 
absorbed from a tubular lumen are most abundantly stored between 
the luminal margin of the tubule cells and the nucleus, but only rarely 
between the nucleus and the basement membrane. In case 1 the 
position of the material in the cells is in direct contrast to that of 
products of secretory activity. Also the subnuclear localisation of 
the bodies is opposed to the possibility that they have been formed 
by absorption from the fluid contents of the renal tubules. Moreover, 
in case 2, the bodies were found in metastases in widely different 
structures such as Ijnnph nodes and lung. However, the possibility 
of absorption of some substance from the blood stream remains. It 
has been observed that the greatest concentration of these bodies is 
in the peripheral parts of the tumours, and that they appear to undergo 
lysis with the onset of necrosis. This indicates that the viability of 
the cells is necessary for their preservation and the presence of the 
bodies cannot be attributed to degenerative change. 

Eosinophilic cytoplasmic inclusions occur in a number of human 
infections, but these differ fundamentally from the bodies in the 
present cases, being demonstrably composed of aggregations o 
elementary bodies. 

It is concluded that the bodies in the tumours do not correspon 
to known virus inclusions. There is no evidence that the materia 
in the cells is a secretion, and degenerative processes are cleaily not 
involved in the production of the inclusions. It seems certain t ia 
the bodies do not arise from absorption of extraneous matter. c 
remaining possibilities are that the c3d:oplasniic bodies may repmsen 
either material absorbed from the blood, wliich the cells are unable to 
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metabolise, or that tlie bodies are accumulations of some by-product 
of the abnormal metabolism of the tumour colls. The gicater con¬ 
centration and gieator size of the bodies in the peripheral and most 
actively growing paits of the tumour in case 1 and in the metastases 
in case 2 may be taken as consistent vdtli cither hypothesis. 

A notable feature in case 1 is the absence of inclusion bodies in the 
secondary growths. In these, all the cells shoved features similar to 
the colls in the primary growth that were in the early stages of 
nutritional impairment, but it is not clear whether theie was any 
actual impairment of vitality in the secondaries. The presence of a 
heavy poljnnorph infiltration in the absence of any demonstrable 
P3mgenic infection, however, may indicate some such disturbance. 


SnaDiARY 

Two cases of renal carcinoma are described in which the majority 
of the viable cells contain one or more cytoplasmic inclusions. The 
morphologj’’ and staining reactions of these bodies were compared 
with those of known virus origin, and with those of hyahne droplets 
in renal epithelium. In each instance fimdamcntal differences were 
demonstrated. A series of renal caremomata was investigated for 
corresponding structures with negative results. 

0\it thaT[\ks are dvio to ProC. D. F. Cappell for U\e uso of materlol from tho 
case of renal inclusion disease, and for his advice and criticism, to Mr W> A. 
Galbraith and Dr A. Barham Carter for access to the respective case histories, 
and to Mr H. C. Gray, A.R.P.S., of The Victoria Infirmary, Glasgow, for the 
Ektachromo photomicrographs. 


REFERENCES 


C VTPELL, D. F., AND MoFaIILANE, 
MAiuonv N. 

Eiving, J. 


Lendrum, a. C. 
LxscKtf B. . 


Russell, Dorothy S. . 
Willis, R. A. 


1947. This Journal, lix, 3S5. 

1940. Neoplastic diseases, Philadelphia 
and London, 4th ed., pp 32 and 

no. 

1945. This Journal, Ivii, 207. 

1947. This Journal, lix, 399. 

1934rt. Amer, J. Cancer, xx, 352. 

19346. Ibid., xxu, 320. 

1938a. Ibid., xxxiv, 15. 

19386. J. Exp. Med., IxvTii, 457. 

1932. Tins Journal, xxxv’, 025. 

1948. Pathology of tumours, London, 

pp. 150, 195 and 819. 













6i6,24—003,656,6—021 . 6 
EXPERBIENTAL PULMONARY HiEMOSIDEROSIS 


F R jMagarey 

Department of Pathology, TT clsh National School of Medicm^, Cardiff 

(Plates OXXVI CXXIX) 

The ^\ell Lno\m condition of broira induration of the lungs, found 
particularly in relation to mitral stenosis, consists in part at least of 
collections of lucmosidcrin resulting from ha?morrhage into the lungs 
The exact source of the lia?morrhage is iincortam although it has 
been generally presumed to arise from the congested capillaries m 
the alveolar vails Lendium cl al (1950) have asseitod that the 
blecdmg occurs from the anastomoses between the bronchial and 
pulmonary vascular systems m the vails of the respnatory bronchioles 
on the grounds that the hromosideiin accumulations are found in 
close anatomical relationship to the sites of these anastomoses The 
purpose of this paper is to describe experiments in rats which show 
that similar hiemosiderm accumulations can result from blood which 
is at first diffuse m the lung These accumulations happen to be 
near the places vhere, in the human, the vascular anastomoses are 
bobeved to be normally present, and m mitral stenosis to become 
varicose (Ferguson ei al , 1914:) The experiments show that the 
locabsation of the Inemosiderin near the sites of anastomoses is probably 
coincidental and that the conclusions of Lendrum and his co workers 
are not necessarily vahd 


ExpekemEntal method 

Blood was obtained from the inferior vena cava of an'esthetised rats and 
mjected endotracheally mto other rats In earlier experiments untreated blood 
was used but in later ones it was heparmised so tliat a number of rats could be 
mjected from a smgle donor The addition of lieparin did not affect the results 
Endotracheal injection under direct vision is quite simple after a little 
practice Under ether ansesthesia, the animal is held supme with the head 
slightly extended and projeotmg o'ver the edge of a bench A pair of non 
toothed forceps held closed, is mtroduced mto the pharjmx The tips are then 
allowed to part by the sprmg of the forceps which has to be fairly strong With 
the aid of a head mirror the \ ocal cords can non be seen openmg and closmg 
rather rapidly with respiration A blunt ended hollow needle (7 8 cm long) 
IS passed between the cords imtil the tip is judged to be about at the level of 
the bifurcation of the trachea With the needle m place, the rat is held vertical 
with head uppermost and the required amount of blood mjected through the 
J PATH BACr—TOL IXIU 720 
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But even after 9 months the quantity and distribution of this interstitial 
pigment did not change to any great degree and never became a 
very striking feature. 

Discxtssiok 

The object of these experiments was to consider experimentally 
the principle that focal collections of hsemosiderin-containing phago¬ 
cytes, such as those seen in the lungs in cases of mitral stenosis, may 
be the result of diffuse haemorrhage ^vithin the lung. The experiments 
have shown clearly that this can occur at least in the lungs of rats. 
Because of the differences in the minute anatomy of the human and 
rat lung, a very close comparison of the anatomical distribution of 
the aggregations in the two species need not be attempted but the 
similarity in appearance is sufficiently close to warrant the conclusion 
that the fundamental process is the same in both. 

The reason for the accumulation is uncertain. One possibility is 
lymphatic obstruction. One of the characteristics of the human 
disease is the change in the interstitial tissue. The walls of the affected 
alveoh show fibrous tliickerdng, and sometimes the elastic fibres, 
especially around the blood vessels, become impregnated with iron 
and provoke a giant’cell reaction in their vicinity (Lendrum, 1950). 
Lendrum suggests that these proliferative changes obstruct the 
lymphatic drainage and thus contribute to the formation of the 
focal accumulations of phagocytes, but the present experiments show 
that the aggregations occur in the absence of interstitial changes. 
Such changes have not in fact been observed in the rat’s lung. Their 
appearance may depend upon the time factor because the longest 
interval in these experiments after the blood has been first admin¬ 
istered is just under 12 months, whereas hsemosiderin is probabty 
present in the human lung for a far greater time before the inter¬ 
stitial changes appear. Another possible explanation for this 
difference is that in mitral stenosis the lung not only contains hsemo- 
siderin but is also in a state of chronic venous congestion. The rat 
lungs on the other hand are healthy. 

There is no obvious explanation how or why these aggregations 
should be so constant in size and distribution. Lendrum et aL (p. 255) 
believe that “ the size^ shape, and distribution of the deposits poiui 
definitely to the vessels of the small bronchi as the source of the hcemorrhage 
That this idea of focal haemorrhage is not necessarily correct is shovm 
bv some observations made during these experiments. Some rats 
filed immediately following an endotracheal injection of blood. In 
tliese animals the distribution of the blood, although somewhat 
patchy, involved large, confluent areas of the lung ; it did not collect 
in isolated clusters of alveoli. Within a few days this diffusely dis¬ 
tributed blood had been replaced by small discrete aggregations of 
alveolar phagocytes containing what remained of the injected blood 
in the form of hremosiderin. If after numerous previous injections. 


EXPEIiniENTAL rriAIONAl 



1 10 1 —^From a rat killed 2 dnv9 after a 
single endotracheal injection of hlood 
Many of the red blood cells have been 
engulfed by alveolar phagocj tes others 
aro still l>ing free within tho alveolar 
spaces Ha^malum and oosm x 400 



Fig 3 —^Four dajs after n single injection 
of blood The haemoglobin crystals have 
become engulfed by large multinucleated 
phagocytes within the alveolar spaces 
H andE x300 



Flo 2 —Another field from the same section 
as fig 1 to show the large extracellular 
erjstals of ha?moglobm H andE X400 



Fig 4 —Sev en days after a smgle injection 
of blood Early aggregation is apparent, 
some of tho alveoli being crowded 
with phagocytes containmg hTmosidenn 
granules Peris ha?malum and van Gieson 
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Fio. 5.—Ten days after a single injectiPn 
of blood. Most of the hajmostderin-coi^* 
tainmg phagocytes hav'e collected into o- 
rather loose aggregation. H. and 
X70. 



Fio. 7, —From a rnt given 15 ml. of blood 
1 ml. doses over a period of 13 weeks awd 
killed 8 days after the last mjectipn. 
Small clusters of alveoli are pocked wJfh 
haemosiderm-bearing phagocytes. The 
neighbourmg alveoli are almost free of 
cells. Peris and neutral ted. x 40. 



Fig. G.—^Fourteen days after a single injec¬ 
tion of blood. The oggregation ia com¬ 
pact and well formed; the surrounding 
aU’coli still contain a few phagocytes. 
Peris, hromalum and van Gieson. X 75. 



Fio. 8.—^From a rat which died immediately 
following an injection of blood, having 
had 8 injections previously. A discrete 
aggregation of phagocytes surroimded 
by blood diffusely distributed in many 
of the Burroundmg alveoli. Peris and 
neutral red. X GO. 
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blood twice weekly for 12 weeks and died 
f» months after the last injection. Two 
discrete aggregations are included and 
their relationship to the alveolar ducts 
can be seen, H. and E. X 4.‘i. 



Fig. 13.—From the same rat as fig. 11. Several 
aggregations are included. The distribution 
away from the peribronchial and perivascular 
connective tissue is well shomi. H. and E. 
x20. 



phagocytes are filled with haemosiderin 
granules and croivded into a small group 
of alveoli. From one of the alveoli the 
phagocytes bulge into the alveolar duct. 
H. and*E. x ISO. 



Fig. 14.—From a rat which received 5 
weekly injections of 1 ml. of blood and 
died 4 days later. There is a little hiemo- 
si derm — mainly intracellular — in the 
perivascular connective tissue. Ferls, 
haemal um and van Gieson. x 60. 
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death should immediately foUoTV a further injection, the aggregations 
of hremosiderin, surrounded by large areas of alveoli filled with blood, 
form a very strildng picture (fig. 8), emphasising how diffuse the 
blood is initially and how focal is the blood pigment finally. These 
findings offer sufficient proof that focal collections of hsemosiderin- 
containing phagocytes can result from diffuse hcemorrhage into 
the lung and that they are not necessarily the result of focal 
luemorrhages. 

If focal hajmorrhage is not the cause of these collections, then 
what is ? It may bo that the lung is able to get rid of most of the 
blood by ciliary movement, together with the flow of fluid up the 
bronchial tree, leaving behind small pools of blood which, because 
of some undiscovered anatomical feature cannot be emptied by such 
means. The alveoli containing the hcemosiderin-bearing phagocytes 
might be thought to bo backwaters with only a very inefficient and 
perhaps narrow communication with the alveolar duct. That this is 
not so is shown by the occurrence of collections of phagocytes actually 
bulging into the alveolar duct through a widely patent alveolar 
ostium (fig. 12). The reason for the retention of the phagocytes in 
this position is quite obscure. Another possibility is that the red 
blood cells in the alveoli are engulfed and changed into heemosiderin 
by the alveolar phagocytes wliich then migrate by chemotaxis to 
collect in certain sites in the pulmonary tissue in preparation for an 
attempt—apparently mainly unsuccessful—to rid the lung of this 
foreign particulate material. It is also possible that the phagocytes 
ultimately become paralysed and inert by virtue of their excessive 
load of hremosiderin so that they persist at these sites for an indefinite 
period. The findings in the rats receiving a single injection support 
to a certain extent this theory of the migration of the phagocytes 
because, whereas after two days haemoglobin is seen to be changing 
into hfemosiderin over fairly large areas of the lungs, after 14 days 
the haemosiderin—which is now contained in the alveolar phagocytes, 
has accumulated in the circumscribed foci described. 

Thus while the above experiments have been successful in producing 
aggregations of haemosiderin-laden phagocytes very similar to the 
focal collections seen in the lung in cases of mitral stenosis in the 
human, they have not led to a precise explanation of the reason for, 
or the process of, such aggregation. They have, however, shown 
that these aggregations can be the result of diffuse intra-piilmonary 
hjemorrhage and that it is not necessary to postulate an origin in 
focal hsemorrhages from any particular anatomical site. 


SinviMAHY 

Blood has been injected endotracheally into rats’ lungs resulting 
in the formation of intra-alveolar aggregations of hsemosiderin- 
•containing phagoc'\t;es, 
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These aggregations are similar to those fotind in the human lung 
in chronic venous congestion. 

This finding suggests that the aggregations in the human lung 
can follow difiFuse haemorrhage and that they are not necessarily the 
result of focal haemorrhages from dilated vascular anastomoses in the 
walls of the respiratory bronchioles. 

It is with pleasure that I record my thanlcs to Professor Jetloro Goiigh for 
his help in the preparation of this paper and to Mr P. !Napper for assistance 
with the photograph3^ 
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•THE SEEOLOGY OF POLYSACCHAEIDES PROM 
THE TUBERCLE BACH^LUS 

C. N. Iland 

Dcpartmcrxi 0 / BactcnoJogy, Uixwzr^ity 0 / Bristol 

PoR over forty years it has been known that crude antigens from the 
tubercle bacillus will give a positive complement-fixation test with 
sera from tuberculous humans. Numerous workers (e.p. McIntosh 
and Fildes, 1914 ; Punch, 1920) have used this test and have claimed 
from 80 to 90 per cent, of positive reactions, but the precise nature 
of the antigen responsible has not been determined. Schaeffer (1940) 
reported that serum from patients with tuberculosis contains both 
anti-polysaccharide and anti-protein antibodies, but his work has 
not yet been confirmed. To examine this problem I have compared 
the serological activity of a number of pure tubercle polysaccharides 
with both animal and human sera, and the present paper reports the 
results. My experiments show that tubercle polysaccharides react 
vith sera from experimentally infected animals, but that they do 
not react with sera from patients ivith tuberculosis, 

Lttebatuiie 

There have been many studies of the chemical nature and serological activity 
of tubercle polysaccharides Tho serological activity has usually been assessed 
With antisera made by mjectmg animals with heat-kiUed or chemically-treated 
bacilli. Rabbit and horse sera have been most frequently employed and positive 
precipitm reactions have been obtouied with each. Tests of this type have 
been used on material from the bacterial cell (Zinsser and Parker, 1923 ; Laidlaw 
and Dudley, 1925 ; Heidolherger and Menzel, 1931-32, 1937 ; Chargafif and 
Schaeffer, 1935-36 ; Menzel and Ueidelberger, 1939), from culture filtrates 
<MuelIer, 1926 , Branch, 1931-32 ; Seibert, Pedersen and Tiselius, 1938 ; Seibert, 
Stacey and Kent, 1949), and from coll lipoids (Anderson, Reeves and Stodola, 
1937; Anderson, Creighton and Peck, 1940). The presence of anti-polyaaccharide 
antibodies m animals inoculated with livmg virulent organisms has also been 
Tecorded : m rabbits by Seibert et al- (1949), m goats by Steenken (1941), and 
in gumea-pigs by Schaeffer (1940). None of these authors reported any tests 
^ith human serum except Seibert et al. (1949) who obtained positive precipitm 
reactions in 2 of 5 sera, but Tnth only one of two samples of a purified poly- 
eacchande. Other reports of positive precipitm reactions with human sera and 
tubercle polysaccharides have been made—for example, by Kropp and Foley 
(1944) m 2 of 11 tuberculous sera and m 2 of 5 normal sera, and more recently 
by Choucroun (1947, 1949) m half of the 298 sera she tested. Precipitm reactions 
m human tuberculosis appear to be mconsistent and their value is difficult to 
assess. Early workers (BezanQon and de Serbonnes, 1909 ; Calmette and 
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Massol, 1910) regarded precipitins in the human disease as unreliable for diagnosis 
and often not caused by antigen-antibody reactions. They used crude antigens 
containing proteins and lipoids as well as polysaccharides. Porter (1910) claimed 
that precipitin reactions obtained with tuberculin and human sera were com¬ 
pletely non-specific. 

Pinner (1928) compared the serological activity of Zinsser and Parker’s 
(1923) polysaccharide with animal and human serum, A sheep antiserum 
made by injecting the animal vdth heat-killed bacilli gave a positive precipitin 
reaction, but serum from a sheep infected with the living organism was negative. 
Serum from cases of human tuberculosis was also negative when tested with 
the complement-fixation test. 


Materials akd methods 
Polysaccharides 

The following were available : 

Fraction 92. (Seibert et aL, 1949). A polyglucosan, containing 
no pentose or other sugar except glucose. 

Fractions 3 and 4. Dextro-rotatory sugars as prepared by 
Haworth, Kent and Stacey (1948). Fractions 3 and 4 were probably 
similar to each other. 

Fractions 7 and 8 . Sugars with a low dextro-rotation and 
probably identical with each other (Haworth et ah). 

Fraction Dextro-rotatory material made by ethanol 

precipitation of a watery extract of tubercle bacilli (A. S. Jones, personal 
communication). 

Fraction L.P. Dextro-rotatory material made from an ether 
extract of heat-kdled organisms (A, S. Jones, personal communication). 

All the above compounds were made from organisms grown on 
synthetic media containing no protein or other complex organic 
materials. The fractions 3, 4 and T 4 B 2 may be regarded as similar 
to each other and are probably similar to Heidelberger and Menzel s 
(1937) C fractions. Fractions 7 , 8 and L.P. resemble each other and 
the B fractions of Heidelberger and Menzel (1937). It is of course 
impossible to say that complex preparations of this type are quite 
the same as those made by other workers using different methods 
of extraction. Their similarity in chemical constitution and their 
reaction with the same imm une serum (see page 737) indicate, however, 
that they are closely related. All the compounds were shown to be 
protein-free by the IMiUon, Biuret and Sakaguchi tests. 

Antisera 

A 5807. An immune horse serum prepared in 1925 by the weeUy 
injection of increasing doses of a defatted human-t 5 qDe tubercle bac us 
(Seibert, personal communication). This serum has been used y 
many American workers (e.g. Heidelberger and Menzel, 

1937 ; Menzel and Heidelberger. 1939 : Seibert et aU 1938, 1949). 
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Cl 50. An immune horse serum prepared against heat-killed-bovine 
tjpe organisms (Scliaeffer, 1946) The organisms were gro^m on 
Besredka’s medium (SchaefTer, personal commumcation) 

Tlicse two sera -v^ere used because they are lugh-titre anti-poly- 
saccharide immune horse sera of a tjpe used by other workers 

Rabbit sera Pifteen labbits were immumsed with livmg virulent 
human-typo tubeicle bacilli, which had been groivn on Lowenstein- 
Jensen medium for ^i^ e w eeks Ten mg of moist growth were given 
intravenously each week for three weeks, and the ammals were bled 
ten dajs after the last mjcction This procedure did not always 
give a good serum, but if the animal was lested for tw o or three weeks, 
and then gu en a dose of 1 2 mg , a positn e serum was usually obtam^d 
There were only two failures with this method and the animals 
tolerated the injections well In a period of eighteen months only 
two were lost through tuberculosis, and each of these had received a 
total of 100 mg of vuulent organisms in three months The other 
animals remained health}^ 

Gumea-pig sera The'se were obtamed by stunning and bleeding 
ammals which had been inoculated in the groin two months previously 
w ith 0 1 mg of living virulent liuman-typo organisms The tubercle 
baciUi had been grown on Low enstein Jensen medium for five week*^ 
Emaciated animals were not used, and all the sera were obtamed from 
ammals with well developed local lesions and some spread of the 
disease to the abdominal viscera 

■Human sera. BVood was coWeeted from patients with moderately 
advanced pulmonary tuberculosis, from inimmal cases and from 
patients with involvement of the bones or of the urogemtal tract as 
weU as of the lung Sera of patients dangerously ill or moribund were 
not used As a rule each serum was used withm three days of hs 
collection Eoi some of the experiments with homologous com¬ 
plement (see below) the sera were preserved with buffered hypertooic 
sahne contaimng sodium azide as recommended by Richardson (quoted 
by Mackie and McCartney, 1948) Ten sera were tested agamst each 
preparation and m all 200 sera were collected Sera from Mantou>^- 
positive and from Mantoux-negative healthy people were used as 
controls 


Precipitin tests 

All the polysaccharide fractions dissolved readily in water and m 
isotomc sahne As a prehmmary to each test a range of antigen 
dilutions was set up agamst a constant volume of serum, which was 
itself diluted 1 m 2, and the mixture was incubated at 37° C for tW o 
hours and then left m the refrigerator overmght at 2 4° C Eor 
precipitm-absorption tests, the equivalence zone was first approifi- 
mately determmed and the serum was then precipitated m this zone 
After being left overnight m the refrigerator, the mixture was 
centrifuged, and the supernatant flmd was removed and treated with 
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one-tenth of the volume of polysaccharide solution originally added. 
It was then left in the refrigerator for 48 hours, after which it was 
again centrifuged. If any precipitate appeared, another volume of 
polysaccharide was added, and the process was repeated. The absorbed 
serum finally had a small excess of antigen as was shown by testing 
a sample with more serum. 


Resttlts 

The highest titres obtained with the animal sera (table) indicate 
that the serological activity of these polysaccharides was approximately 
equal to that recorded by other workers. The results of the precipitin- 


Tabi^e 

Precipitin reactions of tubercle polysaccharides with immune 
anijnal sera* The figures refer to antigen dilutions 


Polysaccharide 

fraction 

Optical 
activity 
(degrees’ of 
dextro-rota- 
tion) 

Highest tiirc with scniin 

A 5807 (Horse) 

C 150 (Horse) 

Rabbit 

Gulnea-pfg 

92 

165 

100,000 

300,000 

20,000 

100,000 

3 

80 

1,000,000 

1,000,000 

50,000 

10,000 

4 

85 

1.000,000 

1,000,000 

10,000 

60,000 

7 

25 

500,000 

500,000 

200,000 

1,000 

8 

28 

1,000,000 

1,000,000 

10,000 

2,000 

L.P. 

25 

1,000,000 

1,000,000 

50,000 

4,000 

1 

75 

50,000 

500,000 

25,000 

1,000 


Similar, but not identical, results to those in the last two columns were obtained 
with other rabbit and guinea-pig sera. 


absorption tests are not given, because all were positive, i.e, each of 
the compounds was capable of absorbing the antibody for any one 
of the others. The human serum did not give precipitin reactions, 
with the exception of two sera which produced fine precipitates with 
fractions 8 and L.P, and these results could not be obtained consistently. 


Additional tests on human sera 

As the precipitin tests were negative, two other methods of 
detecting antigen-antibody reactions were tried: (1) complement 

fi^cation ; and (2) agglutination. 

Complement fixation was attempted by two methods. In the first 
the sera were inactivated by heating for 30 minutes at 56^ C* and a 
constant amount of the serum was then allowed to react with a range 
of dilutions of the polysaccharide in the presence of 2 M.H.D- of 
guinea-pig complement. In the second method the human complement 
in the freshly drawn serum w'as used in the hope that the homologous 
complement would be more ejBScientty fixed by human antibody. 
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To do this, dilutions of fresh unheated serum were incubated with a 
constant quantity of polysaccharide, and the amount of complement 
remaining was estimated and compared with the values obtained 
from a similar series of serum dilutions, which had been incubated 
with isotonic saline. Any difference between the two titres would 
represent fixation. Sera from JMantoux-negative people were treated 
in the same way as controls. All these tests gave negative results. 

Agglutination tests. Several methods of adsorbing antigens to 
serologically neutral particles were tried. Collodion particles were 
made and used as recommended by Cannon and Marshall (1940), 
but these proved unreliable and gave inconstant results. Carmine 
particles, as used by Jones (1945), and suspensions of SerraCia 
marcescens (Roberts and Jones, 1941) were also unsuccessful, as were 
suspensions of CL wdchii from which the material reacting positively 
in Gram’s method had been removed by the method of Henry and 
Stacey (1946). Another attempt was made using sheep red corpuscles 
for adsoi 7 )tion of the antigen (Burnet and Anderson, 1946 ; IMiddle- 
brook and Dubos, 1948) and suponsions were also made of the polymer, 
polyst 3 n*ene, which was precipitated from solution in ethyl acetate by 
acetone and water. These last two methods were used on fractions 4 
and 8 only ; they also gave negative results. Since all these tests 
were negative the conclusion was reached that with the methods used 
the purified polysaccharides specified did not react with sera from 
tuberculous humans. 


Discussion 

The results obtained with animal sera support the conclusions of 
other workers : immune horse sera made with heat-killed or chemically- 
treated organisms have anti-polysaccharide antibodies in high titre, 
while rabbits and guinea-pigs inoculated with living virulent human- 
type organisms have similar antibodies but in lower titre. My 
experiments also show that infected humans do not possess detectable 
antibodies to protein-free polysaccharides. It appears, therefore, that 
the predominant antibody in the sera of tuberculous humans does 
not react with the same determinant group as the antibody in experi¬ 
mentally-infected animals. Such animal sera are probably polyvalent 
and contain anti-protein as well as anti-polysaccharide antibody. 
They may therefore have an antibody with the same specificity as 
that present in tuberculous humans, but this is not identical with 
the high-titre anti-polysaccharide antibody. Tlie chemical nature of 
the specific radicle reacting with human serum is unknown ; but in 
a paper * given to the Fifth International Congress for Jlicrobiology 
held in 1950 at Rio de Janeiro, Band, Baldwin, Gilbert and Jones 
claimed that it is associated with a purified protein fraction which has 
also the power to produce a typical tuberculin-type skin reaction in 


This paper vnll be published in the Proceedings of the Congress. 
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AN INTRAPERICARDIAL TERATOMA IN A 
NEWBORN INFANT 

Albert E. Claxreaux 

From the Department of Pathology^ TJniveraity of Edinburgh 
(Plates CXXX and CXXXI) 

Case report 

History, Baby M., a female infant, was the first of twins born at the Western 
General Hospital, Edinburgh, on I7tli Jlarch 1950. She weighed 3 lb. 10 oz. 
at birth and only lived for 16 minutes. She was very cedematoua and cyanotic 
at birth and failed to respond to resuscitation. The mother was healthy find 
aged 36 years and had had eight previous children, the last two being twins 
bom in April 1949. All the previous children were alive and well. She had 
felt quite well during her recent pregnancy but had a considerable degree of 
hydramnioB and some oedema of the legs for 3 weeks prior to admission. Iler 
blood pressure was normal. The Wassennann reaction was negative and her 
blood was group O, Bh pomtive. She was ndnutted to ho^ital on account of 
sudden onset of labour at the 30th week of pregnancy. She was delivered 
spontaneously of twins on the 17th March 1950 after a normal labour. There 
was a single placenta with one chorion and two amuiotic sacs. The placenta 
was complete and was not infarcted. The second twin, also a female, failed 
to thrive and died after 22 days of extra-uterine life. Necropsy did not reveal 
any organic disease. The heart and pericardium were normal. 

Necropsy. The body was that of a small female infant weighing 3 lb. 10 oz. 
The infant was extremely hydropic, the abdomen was grossly distended with 
fluid and the subcutaneous tissues were very oedematous. 

There was 30 c.c. of clear straw-coloured fluid in each pleural sac and the 
lungs Were collapsed. The pericardial sac was greatly distended and contained 
about 20 c.c. of clear fluid. The heart was very small, measuring 2-6 cm. from 
base to apex and 2*4 cm. transversely, and was displaced to the right. It xfo.s 
rotated so that the right ventricle occupied the entire anterior aspect of the 
heart. The cause of this displacement was a large round lobulated tumour 
measuring 4*4 cm. X 3*1 cm. X 2*0 cm., which was firmly attached by a pedicle 
to the left and posterior aspects of the pulmonary artery and ascending aorta, 
upper aspect of left ventricle and lateral aspect of left atrium (fig. 1). The 
blood supply of the tumour was derived from several small vessels coming 
from the adventitia of the aorta. 

The chambers of the heart were very small and the foramen ovale -v^^as 
patent but this was not abnormal for the stage of development. The pulmonary 
valves, pulmonary trunk and main pulmonary arteries were normal. The 
ductus arteriosus was widely patent. The tricuspid orifice and right ventricle 
were small but structurally normal. The right ventricle occupied the anterior 
aspect of the heart. The left ventricle was rotated posteriorly and was also 
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small. The mitral orifice was guarded by minute but structiually normal 
cusps. The aortic orifice was normal but the first part of the aorta was slightly 
narrowed as a result of compression by the tumour. The left atrium was small 
and very flattened antero-posteriorly. There was no left auricular appendix 
and its position was occupied by the attacliment of the pedicle of the tumour 
mass. 

After fixation the tumour was incised. It consisted of multiple cystic spaces 
with solid tissue in the centre of a number of the larger cavities (fig. 2), The 
solid tissue was soft and haemorrhagic. There was little stroma between the 
cysts which varied in size from a few millimetres to 2 cm. in diameter, and 
contained clear sticky fluid. There was only a very narrow partition between 
the wall of the aorta and the cyst cavity. The capsule of the tumoxu* was 
intimately associated with the adventitia of the aorta and of the pulmonary 
artery. 

Histological examination. The tmhour was composed of numerous large 
cysts with thin fibrous walls lined by flattened cuboidal epithelium and separated 
from one another by varying amoimts of solid tissue. The intercystic stroma 
consisted of fairly vascular myxomatous tissue in which a great variety of 
structures were identified. Numerous small cystic structures lined by respiratory 
epithelium of tall columnar type were foimd. Closely associated with the latter 
were groups of acini of the salivary gland type (fig, 3). Some arrangements of 
acini and ducts resembled pancreatic tissue. In other areas there were masses 
of undifierentiated neuroglia and numerous circular or elliptical spaces surrounded 
by masses of darkly staining ependymal cells were foimd (fig. 4). In one section 
a highly vascular connective tissue stroma was covered by a layer of well- 
differentiated ependymal cells to form a small choroid plexus. 

Buried in the centre of a mass of myxomatous tissue were several small 
strips of rather poorly differentiated squamous epithelium. At the periphery 
of one section there was a small circular block of cartilage. No striated muscle 
was found and there was no evidence of the formation of intestinal mucous 
membrane. 

The other organs showed signs of chronic venous congestion. 


Discussion 

Histological examination showed that the tumour was a benign congenital 
polycystic teratoma. Respiratory-type epithelium or neuroglial tissue formed 
the solid part of the tumour and the remainder consisted of mucus-filled c37stic 
spaces. 

The tumour had arisen near the great vessels of the base of the heart and 
thus closely resembles the previous cases reported by Joel (1890), Grimm (1927), 
Jellen and Fisher (1936), Gebauer (1942-43) and Willis (1946). Indeed the 
tumour is almost a mirror image of the one reported by Willis. The latter also 
was closely associated with the aorta and pulmonary artery but was lying on 
the right side of the heart whereas the tumour in this case was on the opposite 
side. The tumour reported by Jellen and Fisher also lay along the right border 
of the heart. 

The site of the tumour and its close relationship to the aorta bear out the 
theorj- of Willis that an intrapericardial teratoma is a variety of mediastinal 
teratoma in an unusual situation. All cases of intrapericardial teratoma reported 
up to the present have been found in close relationship to the great vessels. Tin*? 
close association is of surgical importance as the aorta may be damaged while 
the tumour is being removed. Such an injury caused a fatal hremorrhogo in 
the case reported by Gebauer. 

The general effects of the teratoma here reported were co^ined to severe 
cardiovascular upset in the sj-stemic circulation. The infant died short y a ter 



J PATH B\CT—\0l LXni 


Plate CXXX 


IsTnAPcniCAUDrAi. tehatoma 



Fig 2 —^Posterior view of the tumour after 
mcision Tliere i$ a large thm ailed cj st near 
the lower pole 


Fio 1 —Anterior \ lew of tumour mass show 
ing attachment to the left border of the 
heart Numerous small cj sts protrude from 
the surface of the tumour 
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birth and there was no time for changes to occur in the pulmonary circulation 
such as ^ero found by Wilhs. The teratoma had caused considerable com¬ 
pression of the heart but had not yet exerted any pressure on the lungs as had 
the tumour reported by Jellen and Fisher. 

All the mtrapencardial teratomas so far reported have occurred in infants 
or children. The present patient was the youngest and the ages of the others 
\aned from 4 weeks (Jellen and Fisher) to 14 years (Joel) Willis’s patient was 
10 weoIvS old at the time of admission to hospital. The ago of survival depends 
on the mterferonco by the tumour with the efficiency of the heart. In the present 
cose this interference was so e\tremo that cardiac failure developed in titero 
and the infant was hydropic at birth In other cases reported, pulmonary 
embarrassment duo to direct pressure of the tumour on the limgs had occurred 
before the onset of cardiac failure and m such patients the present mg Bjnmptoms 
wore cough, dj’spnoca and cyanosis 

Congenital heart disease may co exist with mtrapencardial teratoma. In 
the case reported by Jellen and Fisher the foramen ovale and ductus arteriosus 
were widely patent nt the age of 4 weelvs These structures were also patent 
m the present case, but this is normal for the stage of development. 


Sttmmamj 

At autopsy an mtrapencardial teratoma was foimd attached to the heart 
and great vessels of a newborn mfant. This is the sixth case of this type to bo 
reported, 

I wish to thank Dr A, Duncan of the Western General Hospital Maternity 
Unit for the clmical details, and for permission to publish the case. The photo¬ 
micrographs were made by Mr T. C. Dodds of the Photomicrography Unit of 
Edinburgh University. 
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NASAL CARRIERS OF PATHOGENIC STAPHYLOCOCCI IN- 
RELATION TO PENICILLIN SENSITHUTY 

J. Staitley Elwood 

Department of Clinical Pathology^ Si Thomases Hospital, London 

Exammation of nasal swabs taken from 126 patients, 47 males and 79 females,, 
on their first attendance at hospital gave the following results :— 

Fifty four (42 8 cent.) harboured coagulase-positive staphylococci, the 
earner rate among females was 63 2 per cent, as agamat 26 6 per cent, among 
males All 64 strains of Staph, pyogenes were peniciHin-sensitiv e. Fifty were 
alpha-lysmogemc. Phage typmg, usmg the method of Wilson and Atkinson 
(1946), showed that no particular phage typo predommated among the strains 
of Staph pyogenes isolated. 






746 


L. CROME 


Discussion 

incidence of penicUlin-resistant Staph, pyogcna 
und among hospital patients is largely due to cross infection (see Barber and 

ThomiTn ^ Sayhoe and Whitehead, 1949, and Rountree and 

h mson, 1949). The incidence of infection with such organisms in the 
at large, although more difficult to determine, is almost certainly 
- f’ incidence of nasal carriers of penicillin- 

resistant Staph, pyogenes is much lower among non-hospital workers than among 
ospital workers. The present mvestigation is in agreement with this ; although 
out of 126 patients were found to be nasal carriers of Staph, pyogenes on their 
St attendance at hospital in no case was a penicillin-resistant strain isolated. 
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ABSENCE OF BETZ CELLS IN DIFFUSE GLIOSIS OF THE 
BRAIN WITHOUT DEMYELINATION 

L. Crome 

From the Department of Neuropathology^ 

The Fountain Hospital, London 

(Plate CXXXH) 

Diffuse gliosis of the white matter with little or no loss of myelin was found 
in 4 cases of microcephaly described by Freeman (1927). This gliosis was most 
marked in the “ lower parts ” of the brains. The brains of 22 other mental 
defectives belonging to different clinical groups have been examined by Meyer 
and Cook (1937), who were impressed with the frequency of such diffuse gliosis 
in their material. They confirnied that it was not associated with a loss of 
myelin and that signs suggestive of preceding or active destructive processes 
were absent. In a later paper, Meyer and Jones (1939) found similar gliosis in 
10 out of 15 cases of mongolism. The gliosis must be distinguished from that 
seen in Schilder’s disease, where it is accompanied by a marked loss of myelin 
and by a large number of fat-laden phagocjdes. 

Nothing is known about the mtiology or the pathogenesis of the condition, 
although Meyer and Cook suggested that some disturbance in the blood supply 
or defective tissue oxygenation might play a part. 

The object of this report is to present a case in which diffuse gliosis of the 
white matter was associated with an absence of Betz cells. Total absence of 
Betz cells in a brain with an otherwise normal cortical lamination has not been 
described before. In a case contributed by Fattovich (1950), absence of Betz 
cells was foxmd in the brain of an idiot and was associated with numerous cyto- 
architectonic defects and with certain other features suggestive of tuberous 
sclerosis. 
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Fiq 1 —Coronal section of oc( ipitnl lobo Fig 2 —Coronal section of occipital lo 

showing diffiiso ghosis of white matter No defect in mjelination Heidenham's 

Holzerstnm rajelinstam 



Fig 3 —^Fibrous gliosis of medulla and Fic 4—Medulla and cerebellum with no loss 
white matter of cerobellum The dentate of mjclination Heidenlmin s dm stain 

nucleus and cranial ncr\e nuclei ore 
spared Holzer stnm 
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Case report 
Clinical history 

The patient was admitted to the Pountain Hospital as a mental defective 
at the ago of 14 months His fnmilj history was negative, and his one elder 
brother, aged 5, was h^tihhy The patient was bom after a normal pregnanej 
and labour, and no jaundice or any other abnormality had been noticed dunng^ 
the neonatal period At the ago of 3 months he developed gastro enteritis, for 
which ho w as treated m hospital Another period of hospital treatment followed 
at 1 jear, when he had whoopmg cough His mental backwardness does not 
appear to have been noticed till he was 9 months old, when he uas described 
as bemg helpless, and unable to sit or to hold up his head Comnilsu o fits were 
said to have occurred at \arious tunes prior to liis admission to the rountam 
Hospital, but none was observed wlulst he remamed there as an m patient 
Ho had, howe\ er, small choreiform movements of his face and legs He could 
not chew his food, had to be fed with a spoon, and his mental level was that of 
an idiot WTiilst m liospital he developed a left otitis media, from which 
he recovered At the age of 2 years he contracted pneumonia and died 


Post mortem examination 

Tlie short available autopsy report reads as follows ” At post mortem 
both bases of the lungs showed consolidation There was a superficial engorge 
ment of the bram, and the pyramids of the kidneys showed yellow Imear stnatioo 
due to a deposit of sulphadiazine ” 

Examination of the brain 

The bram weighed 860 g and presented no naked eye abnormality 

Exammation of sections stamed for fibrous glia with the Holzer method 
showed generalised gliosis of the white matter throughout the bram Tbo 
ghosia was seen m the cerebral hemispheres, the mtemal and external capsuled, 
m the periventricular wliite matter, Ammon’s horn cerebellum and m the 
bram stem (figs 1 and 3) H was more marked m the infra tentorial parts of 
the bram, and was particularly dense around the aqueduct and m the floor 
of the fourth ventricle The contrast between the affected white and the mtact 
grey matter was \ery strikmg m the cerebellum, where the cortex and th© 
dentate nuclei were spared, and m the medulla, where the mfenor olives and 
the cranial nerve nuclei were likewise unaffected There was no evidence of 
defective myelmntion m any part of the bram (figs 2 and 4) 

Ho Betz cells were found m the precentral area although they were searched 
for m serial sections of the entire cortex containmg the central fissure The 
lammation of the motor area was, like that of the rest of the cortex, normal, 
and large pyramidal cells were present m its fifth layer None of them was» 
however, large enough to be described as Betz cells Nissl stammg showed an 
increase in the number and pleomorphism of glial cells in the ghosed white 
matter Some “ Glmrasen ” forms were also present The pyraimdal tracts 
were normal 

Discussion 

It IS known that such gliosis as has been described above occurs m mental 
defectives of different clinical groups so that it is unlikely to be the result of 
one Tetiological factor No explanation is offered for the absence of the Beti 
cells but as there was no gliosis of the motor cortex, their absence must he 
regarded as congenital 
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It is now generally agreed that the Betz cells give origin to only a small 
proportion of the fibres in the pyramidal tract. Several German workers, 
including Bielschowslcy (1917-18), have published cases in which considerable 
cortical abnormality was associated with intact pyramidal tracts. The 
preservation of the pyramidal tract in the present case therefore calls for no 
fxirtlier comment. 

The difficulties of identifying Betz cells are well luiown and the problem 
has been fully discussed by Walshe (1942). It is not denied that some of the 
large pyramidal cells might be identical with the smaller Betz cells and no 
conclusions are drawn about the relationship between the clinical features of 
the ease and the absence of the larger cells. 


Summary 

Diffuse gliosis of the white matter without demyelination, or evidence of 
destructive processes, in the brain of an idiot child was associated with a 
congenital absence of Betz cells. 

thanks are due to Professor A. Meyer, Dr R. M. Norman and Dr T. 
Maclardy for their assistance and helpful criticism. 
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THE CUTTING OF SECTIONS FOE ELECTBON MICROSCOPY, 
USING ESTER WAX AS AN EiMBEDDING MEDIUM 

T. H, Fuewett and C. E. ChaIiLice 
National Institute for Medical Besearch, London 
(Plate CXXXIH) 

Various techniques have been described for cutting very thin sections for 
the electron microscope. Pease and Baker (1948) and Hillier and Gettner 
(1950a and h) have successfully sectioned material doubly embedded in 
celloidin and hard paraffin wax. Newman, Borysl^o and Swerdlow (1949) 
described a method whereby tissue, after dehydration in alcohol, was soaked 
in the monomer of butyl methacrylate, which was then pol 3 nnerised, leaving 
the tissue embedded in a block of solid resin. This method has been successfully 
used by Wyckoff and his colleagues (Black, Morgan and Wyclcoff, 1950 ; Smith 
Rnd Wyckoff, 1950) and by Bang (1950). A third method used by Claude and 
Fullam (1946) requires that material embedded in a mixture of naplithaicne 
be cut at the speed of sotind. 

We have experimented with the first two methods. We used for the me 1 - 
iicr 3 date-embedded tissue an M.S.E. rotary microtome, adv’ancing the specimen 
by the thermal expansion of a brass block between the specimen and microtome. 
Although sections sufficiently thin in places were readily obtained, 
jiot of uniform thickness and the thickness varied from area to area withm 
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oach section Furthermore, for the electron microscope to reveal useful 
histological detail m such a specimen, it is necessary to dissolve away the 
embedding material, and, as Hillicr and Gettner {1950 51) have shown, gross 
artefacts are therebj caused It was obvious from some of our micrographs 
that this had taken place 

Hopuig to impro\e on our results, we experimented with other embeddmg 
methods 

(1) Double embedding uith celloidm and paraffin wax (M P 66®) 

(2) Double embedding with celloidm and paraffin wax (M P 05®) 

(3) Double embedding with celloidm and ester wax eontammg 1 per cent 

D C 550 Silicone * 

{4) Embedding “w ith ester wax eontammg 1 per cent D C. 550 silicone 

Ester wax is loss hydrophobic than paraffin ■wax (Steedman, 1947) The 
addition of the silicone made it less easily wotted and did not change its cuttmg 
properties For soft organs method (4) was most successful Pieces, 1 mm 
cube, of mouse liv er or Kidnej wore fixed m 1 per cent osmic acid for 2 4 hours 
at 4® C , V ashed, cleared, and dehydrated in three changes of ethyl ** cellosolve *’ 
(ctUyleno glycol mono ethyl ether) and infiltrated with ester wax, to which 1 per 
cent silicone had been added, m a \acuum oven at 66® for 4 hours or over 
night The tissue and wax were then cast in blocks as described by Steedman 
The shrinkage and distortion m sections obtamed from tissue so embedded 
were less tlian by any other method we have tried 

Sections were cut usmg a Cambridge roekmg microtome designed to cut 
at 0 2 ^ A perspex trough, moimted on the Imife on the side away from the 
specimen block, was filled with distdled water so that the sections floated on 
the surface as they came off the knife edge In this way ribbons of up to 20 
sections were readily obtamed Although good sections could be obtamed at 
room temperature (c 20® C), better results were obtamed by cuttmg m the 
cold room at 4® C , tliere was less tendency at 4° for sections to be split by 
minor irregularities of the knife edge The block of tissue was brought very 
slowly across the luiife edge Variations in speed produced irregularities m 
Ihiclmess of the sections but with care the variations, as shown by compression 
of the sections, were less than drl® per cent 

It was of great assistance to watch the cuttmg of the section through a 
binocular dissectmg microscope havmg a magnification of about X 20, the 
small lens supplied with the microtome was not adequate The meniscus of 
the water should come up to the edge of the knife , the level of the water may 
be very slightly lower Sections cut with the meniscus just below the edge 
were crumpled , given a few seconds, they usually flattened out but always 
contamed some small residual folds which were often not noticed imtil the 
specimen was m the microscope, although the folds did not interfere with 
■observation of the areas between them 

We found the chono allantoic and amniotic membranes of the chick embryo 
difficult to cut when embedded by method (4) The section was apt to split 
at the junction of the wax and the tissue, and also the tissue m the face of the 
block tended to become wet, despite the addition of the silicone Satisfactory 
sections were obtamed after embeddmg by methods (2) and (3) usmg a final 
■concentration of 8 per cent “ necoloidme ” (B D H ) When cuttmg blocks 
«mbedded by method (3), however, no addition of alcohol to the water m the 
perspex trough attached to the knife was found necessary It is probable that 
■much of the difficulty was due to the presence of the erythrocytes of the chick 
embryo, whose nuclei are rather hard, tendmg to cause tears in the section where 
many of them were present, as in branches of the allantoic veins 


* A proprietary name for Silicon oils, the property of Dow Commg Co Inc, U S A 
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Biethylene glycol distearate alone, with the addition of 1 per cent, silicone, 
gave better results than ester wax with hard tissues. Jtihhons of sections at 
0*2 ^ were easily obtained even with amnion from developing eggs, althoagh 
there was still considerable deformation due to compression of the tissue. 

For obtaining satisfactory sections, the sharpness of the knife was a limiting 
factor—the sharper the knife, the thinner the coherent sections which could be 
produced. The knife was sharpened on a glass hone which had its surface 
very lightly ground. For sharpening a loiife with a very poor edge, the surface 
of the hone was first dressed with “ Sira ” abrasive (supplied hy the United 
Kingdom Optical Co. Ltd.) mixed to a paste with thin paraffin oil. As the honing 
proceeded, the grains of alumina were broken down and the paraffin evaporated, 
leaving the surface of the hone smooth and dry. The irregularities in the edge 
after this treatment were about 10-15 p. deep. The hone was carefully cleaned 
and next dressed with a similar paste of levigated alumina (supplied by the 
Cambridge Instrument Co. Ltd,). The edge after this treatment contained 
irregularities about 3-5 /x deep, and the facets in contact with the hone liad a 
good polish. The hone was again cleaned with xylol and dressed this time 
with a paste of thin paraffin and iVIicroid ” grade 3/60 polishing alumina 
^ (made hy Griffin and Tatlock Ltd.). After this, the irregularities in the edge 
were 1-2 ft deep at the most; stretches of edge up to i mm. long were obtained 
with irregularity less than 1 p, deep. The facets of the knife had a brilliant 
polish and were free of all but the most minute scratches. No further improve¬ 
ment was obtained by the use of the Gamma microid alumina, claimed 
by the makers to be finer than the 3/50 grade. No stropping was necessary 
after the imife had been so sharpened. Once it had been brought to this state, 
a few minutes’ treatment with the 3/50 grade of alumina was sufficient to 
restore its edge after it had been dulled by cutting sections. Safety razor blades 
were not sharp enough or rigid enough to give uniform sections; in fact, it 
was found advantageous to increase the angle subtended at the edge of the 
Iniife by attaching a “ back ”, such as is used in sharpening wedge-shaped knives. 
This had the effect of increasing the rigidity of the edge and enabled more 
uniformly thick sections to be cut. The knives used with the microtome were 
the “ hght ” type, manufactured by the Wilkinson Sword Co. Ltd.; they are 
slightly hollow-ground on each side. 

Tlae sections were picked up on electron microscope grids previously coated 
with a Formvar ” (polyvinyl formaldehyde plastic) film made by evaporating 
a 0*5 per cent, solution of Formvar in ethylene dichloride on a glass slide and 
stripping off the membrane thus formed in a dish of water. 

Hiliier and Gettner (1950a and h) recommended that the sections should 
be put into the electron microscope without removal of the wax; tliey used 
the heat generated in the specimen by the electron beam to cause the wax to 
sublime off in the vacuum within the microscope, but wo found tliat t)ie 
embedding material, whether ester wax or paraffin wax, was incompleteh 
removed in this way. Other workers appear to have encountered this trouble 
also (I. M. Dawson, personal communication). We were able to remove the 
ester wax completely by exposing the grids bearing the sections to radiant 
heat from hot wires within the vacuum produced by a rotar}’" pump, adjusting 
the heat so that tlje wax was just not melted, this latter point being %ratehee 
by means of the dissecting binocular microscope. vSections treated in this way 
stood up w’ell to bombardment by the electron beam in tho electron microscope. 

A few sections were “ shadowed ” with a 50 per cent, gold- minalpha 
aUoy after the w‘ax had been sublimed off; no increase in definition was found 
due to the sliadoudug, although an apparent increase in contrast was produced 
(fig. 3), whUe the evaporation of a slightly thicker layer of metal on to tho specimen 


* A proprietary name, tho property of Jolmson 5Iatthey & Co. Ltd., London. 




